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HAT pain in the lower extremities 
travelling along the posterior aspect 
of the thigh is generally spoken of as 
sciatica needs little discussion. That pain- 
ful conditions of the lower extremities 
ill-defined in character and distribution 
are often described as sciatic neuralgias 
is quite true. That the origin of such pain 
is referred either to pathological conditions 
of the vertebral column or to recognized 
foci of infection is the generally accepted 
view. That many painful conditions of 
obscure origin remain undiagnosed and 
are treated symptomatically by the most 
varied methods, including the use of nar- 
cotics, is most certain. That the use of 
narcotics is the uniformly advocated pallia- 
tive treatment in many undiagnosed cases 
and is most unfair to the patient cannot 
be denied. To add further means of diagno- 
sis of the so-called sciatic neuralgias and 
contribute to their treatment by nerve- 
blocking are the objects in which we are 
particularly interested in this paper. 
Encouraged by the results obtained with 
nerve-blocking in cases of trifacial neural- 
gia, we endeavored to apply identical 
principles to painful conditions of the lower 
extremities. Investigation of actual physi- 
cal disorders assumed a wider range and 
covered a much broader territory than 
when painful conditions of the face are 


dealt with. Allowance was also made for 
individual psychology. All our patients 
were submitted to a complete physical 
examination; blood test and microscopic 
examination of smears and excreta were 
made when deemed important aids. As a 
routine procedure, roentgenograms of the 
spine were obtained from such angles as 
would render the bony structures of the 
vertebral column easily visible in all 
positions. In certain cases x-rays were 
taken of the parts affected by the neural- 
gia, thigh, knee, leg, foot and ankle. 

Our method of diagnosis consists in 
detecting the paths of painful impulses by 
producing vibrations which may be trans- 
mitted deeply through a small instrument 
called electric percussion hammer. This 
is, we believe, the first time that an electric 
vibrator has been used in the diagnosis of 
neuralgic pain. Tracings were made on the 
surface of the skin with mercurochrome. 
Photographs were taken and the tracings 
compared with the anatomical distribution 
of the nerves of the lower extremities from 
their exit from the intervertebral foramina 
to their terminal points. Comparison of the 
tracings with the vascular distribution 
over the limb was also attempted. The 
nerves were blocked individually by the 
paravertebral technique, so as to include 
the rami communicantes. Alcohol and 
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neocaine solutions were used in varying 
concentrations and amounts. 

Electric Percussion Hammer: This little 
instrument was devised by one of us 
(Greene) following the general principles 
of the electric vibrator. It has been of great 
help not only in confirming the diagnosis 
of sciatica, but in detecting the nerves 
which were suffering more or less from 
disturbances in their conductivity. These 
disturbances, whether of toxic origin or 
due to mechanical irritation, may have 
been in the sensory fibers or in the network 
of sympathetic elements accompanying 
the arteries. Pressure exerted by the 
vibrating disc is transmitted to the deep 
structures and awakens painful stimuli 
whenever these vibrations make or break 
contact with a diseased nerve or one 
belonging to a diseased circuit. After each 
blocking the use of the hammer made it 
possible to supervise the work done by the 
alcohol-neocaine solution, thus aiding in 
the correct blocking and reinjection. Our 
experience with the electric percussion 
hammer is not sufficiently long and varied 
to permit us to draw conclusions as to its 
clinical value in general neurological diag- 
nosis, but the services it has rendered us 
are worthy of consideration. 

Types of Pain. Unlike the sensory mani- 
festations associated with trifacial neural- 
gia, different from the three characteristic 
features of trifacial neuralgia, namely, 
suddenness, severity and brevity of attack 
with complete remission, most of our pa- 
tients complained of continuous pain, inter- 
preted differently by different individuals, 
In some cases, the pain was intermittent, 
but it was generally described as twitching, 
stiff, sharp and aching like a tooth. Some 
of the painful conditions were said to be 
spasmodic and cramp-like. In the majority 
of cases the onset, although without 
apparent cause, coincided with some phys- 
ical exertion. 


Duration of Pain. In the cases reported 


to illustrate this paper the persistency of 


the pain before the blocking varied from 


two weeks to twelve years. There were 5 
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cases in which the pain had been present 
for less than a year. 

Distribution of Pain before Blocking. 
In all cases the electric percussion hammer 
revealed the presence of sore spots in the 
lumbar region, occasionally spoken of as 
around the kidney region. The sore spots 
could be traced along lines which radiated 
downward toward the thigh, leg and ankle; 
in most cases also along the outer and 
anterior surfaces of the thigh, occasionally 
reaching as far as 30 cm. below the knee. 
In a few instances it was possible to trace 
the pain up to the big toe following the 
inner aspect of the leg and foot. 

Foci of Infection. In all cases except 
3, infection was present in either the facial 
sinuses or genitalia or both. Infection of 
sinuses and teeth was found in 2 cases, 
sinusitis alone was present in 1. In com- 
paring these foci of infection with x-ray 
findings in individual cases, it was found 
that 7 out of the 10 patients showed moder- 
ate productive changes somewhere in the 
spine in the neighborhood of the inter- 
vertebral foramina of the affected nerves, 
changes suggestive of hypertrophic osteo- 
arthritis. In g out of the 10 reported cases 
urinalysis was negative except for traces 
of albumin, casts, indican, squamous epithe- 
lial cells, the presence of which did not 
indicate absolutely any infection of the 
kidneys. 

Nerves Blocked. In comparing the trac- 
ings with the nerve paths, using the elec- 
tric percussion hammer as a guide, it was 
possible to identify the second and third 
lumbar nerves and in many cases the first 
sacral nerve as well. The second sacral 
nerve was found to be a possible factor in 
2 cases out of the 10 here reported. 

Solution Injected. It was not possible 
to determine beforehand the exact amount 
of neocaine or its concentration in alcohol 
to be injected in all patients and thus 
arrive at a general formula. It was neces- 
sary to feel our way and consider each 
individual case. Thus, using our judgment 
and previous experience in nerve-blocking, 
we have been led to inject not more than 
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5 c.c. of g5 per cent alcohol in any indi- 
vidual in no greater concentration than 33 
per cent in I per cent neocaine solution. The 
doses have varied per nerve from 2 to 10 
c.c. of the mixture of alcohol and neocaine. 

Sensory Manifestations at the Time of 
Blocking. Most of the nerves distributed 
to the lower extremities are mixed. The 
result of their blocking must of necessity 
be clinically different from those following 
a trigeminal block. Distortion in the per- 
ception of sensory impulses from the pe- 
riphery is almost similar, but owing to such 
distortion the normal motor function is 
disturbed, reactions are occasionally severe 
and temporary paralysis may follow poor 
technique. As a general rule, weakness 
of the lower extremity was evidenced 
when any of these nerves had been blocked, 
the lumbar nerves being arranged in 
plexus form. In no case did it assume the 
character of paralysis, the strongest 
reactions lasting only a few hours. 

In the course of the injection, as soon 
as the solution reached its aim, a burning 
sensation was felt locally and seemed to 
travel along the injected nerve to the peri- 
phery. In other words, paresthesias were 
observed in the territory supplied by the 
nerves blocked. The burning sensation 
disappeared almost instantly, that is, 
soon after the injection was stopped and 
the paresthesias were replaced by a sensa- 
tion of warmth, swelling and heaviness, 
sometimes described as stiff or lump-like. 
These sensory changes were interpreted 
differently by different individuals, but 
they all were agreed: upon the feeling of 
warmth and swelling. Some patients com- 
plained of burning sensation which lasted 
from twenty minutes to three days. We 
cannot say whether it really burned or 
whether the disturbance in the normal 
balance of peripheral sensations created in 
them a distortion of perception which 
made them interpret numbness and heat or 
either as a burning pain. Of all the patients 
blocked for trigeminal neuralgia no com- 
plaint of post-blocking burning sensation 
is heard when the technique is accomplish- 
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ed with ease and the injection made with 
precision. Numbness, stiffness, weight and 
swelling are the sensations most generally 
described after a trigeminal block. Again 
we feel that comparisons of post-blocking 
reactions ought not to be established be- 
tween a trigeminal block and a paraverte- 
bral lumbar or sacral block with alcohol. 

Circulatory Changes. In all the cases 
coming under our attention, of which the 
present report is composed of only a small 
number, there was a marked difference of 
surface temperature between the two limbs. 
This difference could be detected not only 
by the thermometer and the thermo- 
couple, but also by the hand. The affected 
limb was pale, cold and occasionally 
clammy; the temperature readings varied 
occasionally to as much as 3.2°c. at the 
time of examination. Immediately after 
the alcohol-neocaine block the skin tem- 
perature on that side invariably rose to 
levels above the opposite side. Whether 
the pain travelled along the mixed nerves 
through its sensory fibers or through the 
sympathetic system or through both has 
not yet been proved. But the fact is that 
after the blocking of the spinal nerves 
by the paravertebral technique, there are 
subjective as well as objective signs of a 
rise of temperature, as evidenced by the 
sensation of heat or warmth announced 
by the patient and the skin temperature 
readings. It may be argued that the 
simultaneous blocking of the rami com- 
municantes is responsible for the vasodila- 
tation observed. Blocking of the great 
sciatic nerve at the great sacrosciatic fora- 
men is also followed by vasodilatation. 

The nature of the mechanism that 
causes the pain to disappear is probably 
similar to that which abolishes the trans- 
mission of painful impulses during surgical 
operations. Dilatation of the vasanervorum 
may also be one of the gears of such 
mechanism, the sympathetic block and 
its resulting vasodilatation acting as a 
resistance coil along the path of painful 
impulses and modifying the perception of 
peripheral sensations. 
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Sensory Manifestations Post-blocking. 
Sensory disturbances of specific character 
followed each alcohol block. They could 
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sensory transformations without the assist- 
ance of palliative measures. In 2 cases, 


however, no treatment was given. 


” ll 


Fic. 1. 


Fic. 1 (Case 1). Tracings in right lumbosacral region indicate zones particularly complained of, being the origin 
of pain. The tracing along lower limb is path of painful radiations. Note tender area in plantar region (sacral 


origin). 


Note: In this and all the other photographs the dots represent sites of greatest tenderness, the arrow the 
direction of radiating sensations, and the lines, the path of painful impulses. AIl tracings mark painful or 
tender zones revealed by the electric percussion hammer. 

Fic. 2 (Case 1). Tracing of painful zones, as revealed by electric percussion hammer, on inner aspect of lower 


limb. (L 2 + L 3 involvement.) 


not be explained. They could not be con- 
trolled, but subsided gradually and in 
cyclic order. The burning sensation seemed 
to be predominant following these in- 
jections and its distribution along the 
paths of the nerves blocked. Its duration 
varied considerably from a few days to 
several weeks, being replaced by that of 
pins and needles and finally by numbness. 

Associated Treatment. Many of our 
patients received post-blocking treatment 
as a palliative aid to the sensory disturb- 
ances. These treatments consisted in the 
use of diathermy, infra-red rays and 
massage. Those who were given diathermy 
were deemed to fare worse; infra-red rays 
were beneficial to others, while light mas- 
sage was also considered a soothing pro- 
cedure. Comparison was not made with 
control subjects; that is to say, no patient 
was left alone to go through the various 


CASE REPORTS 


Case 1. M. T., male, seventy-two years 
of age, tailor, first seen in April, 1929, com- 
plained of severe pain in the right leg and foot 
of four days duration. The patient was in 
bed when first seen. Past history revealed 
rheumatic condition associated with sore 
throat and frequent colds. Extraction of dis- 
eased teeth is said to have helped the pain 
slightly. 

Without warning while at work, the patient’s 
right leg sagged under him. He felt a sharp 
pain starting above the right kidney region and 
radiating rapidly toward the inner surface 
of the thigh. Pain seemed. to disappear there 
and reappeared on the inner surface of the 
ankle joint. He was then taken home in a state 
of collapse. A diagnosis of rheumatism and 
sciatica was made by the family physician 
who prescribed aspirin and liniments. There 
being no results in four days the patient was 
referred to us. 
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General physical examination led to the 
diagnosis of chronic nephritis and neuralgia 
of the anterior crural and external cutaneous 
nerves of pyotoxic origin with focus in pros- 
tate. For a period of one month symptomatic 
treatment consisting of diathermy, galvanism, 
massage and baking did not produce the slight- 
est change for the better. It was then decided to 
block the nerves supplying the painful areas. 
The electric percussion hammer, in tracing 
the painful zones, detected the paths of painful 
impulses. 

On May 17, 1929 the third lumbar nerve 
on the right side was blocked by the para- 
vertebral technique with a mixture of 95 per 
cent alcohol and 2 per cent neocaine in the 
proportion of 1 to 2. The patient immediately 
felt a sensation of heat and weight (lump-like) 
where pain existed. Pain on the inner aspect 
of the thigh and ankle disappeared, but that 
on the lateral aspect of the thigh still persisted. 
Because of the patient’s age it was decided 
to block the external cutaneous nerve (second 
lumbar) three weeks later, thus allowing the 
patient to recuperate from the first blocking. 

The patient’s condition rapidly improved 
and five weeks later he walked into Dr. Labat’s 
office for the purpose of completing the treat- 
ment. The second lumbar nerve was then 
blocked with a solution similar to the one used 
before. Pain subsided instantly except at a 
point about 3 in. above the knee. Patient left 
in good condition. This injection was followed 
by a spasm of the abdominal muscles which 
suggested that some of the solution had reached 
the retroperitoneal tissue. This spasm or rigidity 
of the abdominal wall on the injected side 
gradually subsided. Patient is still well, seven- 
teen months after the blocking; his general 
condition is excellent. He takes daily walks 
and attends to his home occupation without 
difficulty. There may still be a sensitive spot 
above the knee, but this does not inconvenience 
him in any way. 


Case. R. J., female, aged fifty-two years, 
housewife, first seen on July 8, 1929, complained 
of severe pain in the back, on the left side, 
radiating downward to the lateral surface of 
the thigh; duration six days. Family history 
irrelevant; past history negative except for 
diseases of childhood. 

For the past year or so patient felt more or 
less constant pain all over the body. As it was 
not persistent, she paid little attention to it. 
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Ten days before consulting Dr. Greene, with- 
out apparent cause, an acute pain developed 
in the lumbar region. Rubbing with a liniment 
gave no good result. The pain was severe right 
from the start and continuous in character. 
The family obstetrician was called who 
after a more or less perfunctory examination 
suggested that the pain might be due to a 
“dropping of the genital organs.’’ He pre- 
scribed some analgesic powders in addition 
to the liniments used before. After two days 
of suffering, the patient decided to consult 
Dr. Greene who made a complete physical 
examination. Urinalysis was negative, as was 
also the blood chemistry and the Wassermann 
test. X-rays revealed no pathology in lumbar 
and sacral and pelvic regions. Diagnosis was 
made of external cutaneous neuralgia of infec- 
tious origin with foci in tonsils, sinuses and 
cervix uteri. Possibly reflex irritation of first 
and second sacral nerves. 

July 11, 1929 blocking of s 1 and s 2 with 
95 per cent alcohol and 1 per cent neocaine in 
the ratio of 1 to 2 was made by Dr. Labat. 
Five minutes later the electric percussion 
hammer revealed pain still present in the 
lateral surface of the thigh and over the spine. 
The second lumbar nerve was then blocked. 
This was followed by a sensation of pins and 
needles in the thigh on the side blocked, the 
patient complaining of some pain in the 
region of the spine; a subcutaneous injection 
of 1 per cent pure neocaine was made in the 
sacral region. Pain gradually subsided. 

Her general condition was good and the 
pain had completely disappeared when she was 
seen four days later. She had been able to 
sleep without morphine which had been used 
prior to the nerve-blocking. She left for the 
mountains for two months’ rest. Six months 
later, patient reported in excellent condition. 
No motor disturbances in leg, no rigidity or 
pain of any kind, she is able to perform her 
household duties without the slightest difficulty. 
There are no sensory cutaneous changes, either 
in the leg or in the spinal region. 


Case ur. P. R., male, forty-two years of 
age, electrician, works on scaffolds and lifts 
heavy armatures, first seen in May, 1920, 
complained of sciatica in right leg; duration 
one year. 

After lifting a heavy object, patient felt a 
sharp pain in his lumbar spine. Consulted a 
physician who diagnosed his case as a sprain 
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and strapped him. This relieved him for a few 
hours. Two days later a sharp pain in the right 
leg developed. He was treated by numerous 
physicians and attended several clinics where 
he received treatments consisting of diathermy, 
massage, stretching, hot iron skin cauterization, 
etc. He remained in one hospital for two weeks, 
in another for one week where his case was 
studied and diagnosed as sciatica. Treatment 
administered along these lines did not produce 
the slightest improvement. Pain was so severe 
that he was compelled to drop his work and 
remain without employment for the past six 
months. 

General physical examinaticn led to the 
diagnosis of neuralgia involving some of the 
roots of the small and great sciatic nerve. Focal 
infection in facial sinuses and prostate. X-rays 
revealed no injury or disease in the lumbar 
and sacral spines, or in other bones of pelvis 
or hip joint. Immediate treatment of genito- 
urinary condition and sinuses cleaned. General 
condition markedly improved. 

On September 20, 1929 blocking of s 1 on 
the right side was made with 8 c.c. of a mixture 
of 95 per cent alcohol and 1 per cent neocaine 
solution in equal parts. Paresthesias were 
obtained during the injection along the terri- 
tory supplied by s 1. On November 9, 1929 
patient said he had returned to his usual occu- 
pation after one week’s rest at home. The pain 
had disappeared in the morning following the 
blocking. Six months later patient’s condition 
was excellent. The electric percussion hammer 
revealed no tenderness along any of the nerves 
of the lower extremities. Patient is still free 
from pain. Occasionally has slight disturbances 
brought about by weather conditions. 


Case iv. B. S., male, aged fifty-five years, 
truck driver, lifts very heavy crates, was first 
seen on October 27, 1929. He complained of 
pain in the back radiating toward the hip, 
knee and leg; duration two weeks. Past history 
revealed that twelve years ago patient was 
operated upon for gastric ulcer; this was fol- 
lowed by a postoperative hernia. Seven years 
ago had compound fracture of left leg. About 
two weeks ago, on awakening patient had a 
severe pain in the back, especially on the right 
side, radiating towards the hip and leg. The 
pain was so severe that the patient’s leg gave 
way under him. The pain was of spasmodic 
type and twitching in character. The pain 
became more aching and more steady in the 
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back and hip joint on the day he came to the 
office for consultation. 

General physical examination revealed pussy 
sinuses and marked tenderness in the region 
of the second lumbar vertebra radiating toward 
the acetabulum and along Poupart’s ligament. 
The tenderness reappeared on the right thigh 
about 10 cm. below the groin, then again about 
10 cm. above the knee more to the median 
line of the limb. At that point the pain dis- 
appeared and reappeared about 10 cm. above 
the ankle joint. There was but very little pain 
on raising the right leg. X-ray examination 
revealed moderate hypertrophic osteoarthritic 
changes in the lumbosacral region. Prostatic 
smears examination showed pus cells about 
200 to field or 50 per cent, no gonococci, 
squamous cells. Diagnosis of external cutaneous 
neuralgia was made with focus of infection in 
sinus and prostate. 

October 30, 1929, the second lumbar nerve 
on the right side was blocked with 95 per cent 
alcohol and 2 per cent neocaine in the ratio of 
1 to 2, 3 c.c. being injected near the nerve. 
This was followed by a slight sensation of 
stinging pain along the path of painful impulses. 
One half hour later the patient announced 
that his pain had completely disappeared but 
that there was a funny sensation present in 
the back and on the side of his leg. October 
31, 1929, the painful area was retested with 
the electric percussion hammer and revealed 
absence of pain except above the ankle where 
some tenderness still persisted. Slight tender- 
ness was also noticed on the lateral aspect of 
the thigh. March 24, 1930, patient had perfect 
motion. There was a slight pain on bending, 
just directly above the acetabulum, but 
patient was able to perform his work without 
the slightest difficulty in lifting heavy bundles; 


all objective symptoms had _ completely 
disappeared. 
Case v. I. H., male, fifty years of age, 


no occupation, owner of silk mill, was first 
seen on October 26, 1929. He complained of 
pain in the back, of twelve years’ duration. 
The patient traced his pain to the day when 
he removed a cake of ice from the wagon. He 
then felt a sharp pain and was unable to 
straighten himself. Since that time the pain 
appeared and disappeared at irregular intervals. 
At times the attacks were severe; very fre- 
quently, they came early in the morning and 
compelled him to remain in bed for as long as a 
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week, at certain times. He consulted many 
physicians who diagnosed the case as lumbago 
and prescribed no medication but the wearing 
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and third lumbar and first sacral nerves on the 


left side with 95 per cent alcohol and 2 per 


cent neocaine in proportion of 1 to 2 was done 


Fic. 3 (Case vi). Tracing of painful zones and radiations from lumbosacral region to middle portion of pos- 
terior aspect of thigh. Note arrow shooting higher. (L 2 + L 4 involvement.) 
Fic. 4 (Case v1). Tracing on anterior and medial aspects of right lower limb of tender zones directly connected 


with zones shown in Fig. 3. Note and compare tracings of Figs. 3 and 4 with those of Figs. 


of a flannel belt. This did not help and his 
condition seemed to be worse when we first 


saw him. 

General physical examination revealed the 
presence of foci of infection in the maxillary 
sinuses and the tonsils which were cryptic and 
full of pus. The prostatic gland was swollen 
and painful. Examination of the painful areas 
with the electric percussion hammer revealed 
tender spots on the left side, in the region of the 
fourth lumbar vertebra radiating downward 
toward the sacrum and laterally towards the 
hip joints. Diagnosis was made of lumbosacral 
neuralgia of obscure origin complicated by 
focal infection in tonsils, sinuses and prostate. 
Radiographic examination showed the presence 
of lipping of the bodies of the eleventh and 
twelfth dorsal and first, fourth and fifth lumbar 
vertebrae indicating productive osteoarthritis. 
No evidence of i Injury or disease in cervical or 
upper dorsal spine. 

November 6, 1929, blocking of the second 


I and 2. 


by Dr. Labat. After blocking L 2 the pain 
disappeared on the side of the hip. After the 
blocking of L 3 the pain subsided on the lateral 
aspect of the thigh, but still persisted in the 
leg. This pain was controlled by blocking 
s 1. Immediately after, the patient felt a 
burning sensation over the entire limb. Retest- 
ing of painful areas showed disappearance of 
preoperative symptoms. On June 6, 1930, the 
patient reported through a friend that the pain 
had disappeared and that he was in excellent 
condition and very busy. It was not possible 
for him, through pressure of work, to come 
to the office for re-examination. 


Case vi. G. H., female, twenty-nine years 
of age, housewife was first seen in November 
7, 1929. She complained of severe pain over 
the right kidney region radiating downward 
toward the thigh. Past history revealed that 
in 1926 patient was operated upon for appendi- 
citis. A small abdominal tumor is said to have 
been removed at that time. 
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During the latter part of her second preg- 
nancy the patient complained of severe pain 
in the back, and the doctor thought that the 
pain was probably due to the position of the 
baby which was causing a pressure on a nerve. 
After confinement, the pain eased somewhat 
but returned a few months later with increased 
severity. At present, it is a continuous aching 
pain, the attacks being intermittent and quite 
severe. There is no relation between partaking 
of food or weather changes and the pain. 

General physical examination led to the diag- 
nosis of chronic nephritis complicated by 
secondary anemia (hemoglobin 50 per cent), 
ulceration of cervix uteri, external and internal 
hemorrhoids. Right ovaritis and neurasthenia 
of the depressive type. Neuralgia of L 2 and 
L 3. Radiographic examination was negative 
as far as the pelvis and chest were concerned. 
The electric percussion hammer confirmed 
previous diagnosis of internal crural and exter- 
nal cutaneous neuralgia. There was also a 
sensation of itching over a small area about 5 
cm. below the right costal margin at the level 
of the tip of the eleventh rib. 

January 8, 1930, blocking of the third lumbar 
nerve on the right side with 5 c.c. of a solution 
consisting of 95 per cent alcohol and 2 per cent 
neocaine in the proportion of 1 to 4. Imme- 
diately after the injection the patient felt a 
burning sensation on the inner surface of the 
right thigh. The second Iumbar nerve was also 
blocked with 4 c.c. of the same solution. The 
pain subsided in the thigh and it was decided 
not to do anything for the itchy spot below the 
costal margin. In case this would persist it 
would be advisable to inject subcutaneously 
a few cubic centimeters of 1 per cent solution 
of pure neocaine. The next morning the 
patient complained of pins and needles in the 
leg and thigh. The following day everything 
had gone back to normal. February 10, 1930, 
examination of patient revealed absence of 
pain in the limb. There is no motor disturbance 
of any kind and no sensory cutaneous changes. 
She is able to perform her household duties 
without any difficulty. She sleeps well and has a 
good appetite but complains of some itching 
sensation as before. On February 12, 1930, 
subcutaneous injection of 20 c.c. of 1 per cent 
pure neocaine was made. This was followed by 
anesthesia and the itching sensation subsided. 


Case vil. T. H., female, sixty-five years 
of age, housewife, was first seen in February, 
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1929. She complained of severe pain in the 
back radiating downward toward the right 
thigh; duration three weeks. Past history 
revealed pneumonia fifteen years ago; passed 
through menopause about ten years ago, at 
which time she had hemoptysis. She was told 
by family physician that she had weak lungs 
and needed rest. She always suffered from 
rheumatism and is addicted to aspirin, taking 
as many as 4 tablets a day with physician’s 
approval. 

About three weeks ago, following an auto- 
mobile trip the patient developed severe pain 
in the back over the kidney region, more 
marked on the right side, with radiations 
downward toward the hip and thigh, forward 
above Poupart’s ligament toward the groin 
and downward toward the calf, ankle and big 
toe. The pain was continuous and very severe. 
The family physician was called and diagnosed 
sciatica. He prescribed various remedies among 
which were aspirin, atophan, codeine and 
veronal, but without success. Another phy- 
sician was called in consultation and he advised 
injections which were made somewhere in the 
back and gave a slight numbness for a short 
time. The pain was so severe following the 
last injection that the family decided to call 
Dr. Greene who made a complete physical 
examination and diagnosed, by means of the 
electric percussion hammer, external cutaneous 
and anterior crural neuralgia with slight in- 
volvement of the sciatic nerve, with focus 
in genitourinary tract and sinuses as well as 
in the lungs. Pulmonary tuberculosis of 
advanced type with fibrous changes. Radio- 
graphic examination revealed a consolidation 
of the left upper lobe with displacement of the 
trachea to the left. Also diaphragmatic adhesion 
on the right side. Examination of the spine 
revealed moderate productive changes at the 
margins of the bodies of the lower dorsal and 
upper lumbar vertebrae, especially from the 
tenth dorsal to the second lumbar nerve, sug- 
gestive of a hypertrophic osteoarthritis. 

March 3, 1930, blocking of the right first 
and second Jumbar nerves was made with 
95 per cent alcohol and 1 per cent neocaine in 
equal parts. Paresthesias were induced in the 
territory supplied by the second Iumbar nerve. 
The first sacral nerve was then blocked with 
paresthesias along the posterior aspect of the 
leg, toward the foot, followed by sensation of 
pins and needles; 5 c.c. of the solution were 
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employed at each nerve. Testing of sensitive 
areas was postponed for the next twenty-four 
hours because of nervous chills which developed 





Fic. 5 (Case vu). Tracing showing involvement of second and third lumbar and first sacral nery 
The tracings in the lumbosacral region mark the second, third and fourth lumbar, while no 
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of all narcotics. Fortunately she pulled through 
and on March 7, was quiet and bright although 
complaining of slight pain in the right leg. 


Fic. 5 
Fic. 6. 
Fic. 7. 

t side. 


er spot Is 


seen over first sacral nerve; but the tracing on buttock and posterior aspect of thigh anc cnat on sole 


indicates first sacral involvement. 


Fic. 6 (Case vu). Tracings on anterior and lateral aspects of groin and thigh of painful projections radi- 
ating from lumbar region. The second lumbar nerve is very well defined in this picture. 


Fic. 7 


(Case vit). Tracing on anterior and inner aspects of thigh and inner aspect of leg and ankle, revealing 


presence of diseased long saphenous nerve, branch of anterior crural. 


immediately after the blocking. These chills 
gradually subsided within twenty minutes. 
Instructions were given to the nurse not to 
give any narcotics, to watch the pulse and 
respiration, to support the heart action and to 
administer sedatives in the form of bromides 
only if necessary. The convalescence was very 
stormy as a result of sudden complete cessation 


March 27, the leg was retested with the electric 
percussion hammer which revealed the absence 
of the tender areas which existed along the 
first and second lumbar and first sacral nerves. 
Hyperesthesia replaced the original pain, the 
patient took short daily walks leaning slightly 
upon the arm of her nurse. This patient was 
bedridden and almost a ruin when we first saw 
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her. She is now out of bed and enjoys relatively 
good health. 


Case vil. S. F., female, fifty-four years 
of age, was first seen on April 18, 1930. She 
was suffering from pain in the kidney region 
radiating downward toward the left leg and to 
the toe, forward along Poupart’s ligament 
and in the inner surface of the thigh; duration 
two months. In her past history patient claims 
that she had an accident two years ago. She 
injured her spine following which she was 
bedridden for several weeks. 

Following a cold one day the patient awoke 
with a stiff neck. The next day she had a pain 
in her leg which has since persisted. Weather 
has no influence on the condition. She saw 
three physicians who diagnosed her case as 
“dislocated hip,” “sprained ligament,” and 
“cold in the muscles.’”’ She was x-rayed. At 
the time of first consultation, she wore a brace 
and felt worse. 

General physical examination led to the diag- 
nosis of neuralgia of focal origin with focus in 
teeth, frontal sinuses and genitalia. Radioscopic 
examination of the dorsal and lumbar spines 
revealed moderate productive changes at the 
margins of the bodies of the vertebrae. There 
is a diastasis of sacrococcygeal articulation. 
An oval area is visible in the pelvis, in the 
region of the left ovary. No irregularity in the 
outline of the pelvis or hips. A denser, larger 
and more homogeneous oval area is noted at 
the posterior aspect of the left femur. The 
density is the same and can be compared with 
fluid or muscle. Involvement of left ethmoidal 
and maxillary sinuses. Periapical absorption 
of the left cuspid. Periodontitis of the left upper 
molar tooth. Periodontitis of the right upper 
cuspid. 

April 30, 1930, blocking of L 1, L 2 ands 1 
on the left side with 5 c.c. of a solution com- 
posed of 95 per ng alcohol and 1 per cent 
neocaine in the proportion of 1 to 2. Injection 
of L 1 and L 2 was followed by sensation of 
pins and needles and heat radiating along the 
external cutaneous nerve. Blocking of s 1 was 
associated with severe burning sensation over 
posterior aspect of thigh, middle of sole up to 
the toe. Testing with the electric percussion 
hammer revealed disappearance of all previous 
tender spots, except one which persisted on the 
inner surface of the thigh. Blocking of L 3 
reserved and to be done, if necessary, after 
four weeks. On September 12, 1930, tenderness 
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persisting along the anterior and inner aspects 
of thigh. Blocking was made of L 3 and L 4 
with 10 c.c. of solution composed of 95 per 
cent alcohol and 1 per cent neocaine in the 
proportion of 1 to 5. Weakness of the limb 
following the blocking caused the patient to 
stay in the hospital for twenty-four hours. 
She left the next day and since then is able to 
attend to her household duties without any 
discomfort. 


Case ix. M. G., female, fifty years of age, 
was first seen on March 19, 1930. She was 
suffering from sharp pain around the left kidney 
region radiating downward to the thigh, leg 
and ankle; duration two years. Past history 
revealed an operation performed in January, 
1929, for alleged tumor of the spine, diagnosis 
which was not confirmed by operation. Prior 
to this operation, patient had been treated 
for sciatica by the application of a cast to 
“stretch the sciatic nerve.” Patient apparently 
felt worse. Following her operation, she was 
given diathermy and electricity without result. 
When pain began, two years ago, patient 
noticed that upon bending or doing housework, 
she felt slight pain in the back along the spinal 
column. The condition grew progressively worse 
until she consulted a physician. 

General physical examination led to the 
diagnosis of neuritis involving L 1, L 2, L 3 and 
s 1 on the left side, focal in origin with focus 
in teeth, sinuses and genitalia complicated by 
chronic cholecystitis, secondary anemia, nar- 
cotic drug addiction and neurasthenia. Vaginal 
smear was negative. Radioscopic examination 
of the vertebral column revealed slight pro- 
ductive changes at the margins of the dorsal 
vertebrae especially from p 6 to Dp 12; the 
arches of L 1, L 2 and L 3 are open (laminectomy 
with several spots of opaque matter in the 
spinal canal). There are productive changes 
between p 12 and L 1, where the maximum of 
opacity is present; the conclusion is arthritis 
deformans of the spine. There are slight produc- 
tive changes at the margins of the sacroiliac 
synchondroses, more pronounced on the left 
side, also around the first sacral segment. 

April 30, 1930, blocking of L 2, L 3 ands I 
and s 2 on the left side with a solution con- 
taining 95 per cent alcohol and 1 per cent neo- 
caine solution in the proportion of 1 to 2, 6 c.c. 
being used at each nerve. Immediately upon 
blocking of Lt 2 patient felt sensation of heat 
radiating towards the hip joint, the sensation 
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of pain previously existing along Poupart’s 


ligament was replaced by that of pins and 
needles. After the injection of L 3 the pain 


ae _ 
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Case x. M. H., male, forty-two years of 
age, was first seen on April 1, 1930. He com- 
plained of pain around the right kidney region, 


- 


Fic. 8. 
Fi Q 
Fic Io 





Fic. 8 (Case x). Tracing showing on posterior aspect of buttock and thigh, path of sciatic nerves. The dot on 
buttock marks exit of great sciatic nerve from the sacrosciatic foramen. The dot with the arrow iust above bend 
of knee marks division of great sciatic nerve into internal and external popliteal nerves. 

Fic. 9 (Case x). The tracing in this photograph indicates a long saphenous nerve involvement. Note tender spots 
on sole in both Figs. 8 and 9, denoting sacral involvement. 

Fic. 10 (Case x). This tracing shows connections between L 2, L 3, and s 1, possibly s 2. The dot surrounded 
by a circle in the neighborhood of anterior superior iliac spine indicates zone of extreme tenderness which was 


referred to external cutaneous nerve, L 2. 


in the anterior aspect of the thigh disappeared, 
the tenderness of the posterior aspect of the 
leg, sole and big toe still persisted. Blocking of 
S 1 and s 2 was followed by a sensation of 
intense burning radiating downward toward 
the foot. Patient’s condition greatly improved. 


extending downward to the thigh and leg, 
ending around the ankle, duration one year. 
Patient claims that he had had a similar attack 
ten years ago. Past history revealed chronic 
rheumatism and operation of right thumb 
for infection six years ago. Following an acute 
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cold, patient developed pain in the lumbar 
region ten years ago. Since that time he had 
several attacks which grew in severity and 
duration, the last attack the fourth one during 
the past year and which is already of three 
weeks’ duration, caused partial impairment of 
motion of his right lower limb; especially on 
bending the leg he experienced a cramp-like 
sensation in the calf and ankle, radiating up- 
ward to the lateral surface of the hip, thence 
to the lumbar region; the pain was continuous 
and aching, it did not yield to any electric 
treatment, bath, massages and various medica- 
tions prescribed by physicians during the past 
ten years. He was told that he was suffering 
from sciatica; there seemed to be no relation 
between the pain and change of weather. 

General physical examination led to a diagno- 
sis of anterior crural and external cutaneous 
neuralgia, focal in origin with focus in tonsils, 
sinuses and possibly in prostate; radioscopic 
examination revealed rudimentary frontal si- 
nuses, decreased illumination of both ethmoids 
and maxillary sinuses. Sacralization of L 5 
with slight dextroscoliosis at the lumbosacral 
angle. The articular surfaces of L 4 are obliquely 
frontal. There are slight productive changes at 
the margins of the bodies of the lumbar 
vertebrae. 

April 9, 1930, blocking of L 2, L 3 ands 1 
with a solution of 95 per cent alcohol and 2 
per cent neocaine in equal parts, 5 c.c. of the 
mixture being injected at each nerve. Following 
the blocking a sensation of heat was felt in 
the entire limb which became very weak and 
caused difficulty in walking. Following a rest 
of two hours and a half in the recumbent posi- 
tion the patient walked out of the office saying 
that his leg was a little stiff but that the pain 
had subsided. Two days after the blocking 
the patient had another attack; at least he 
complained of pain in the leg. He was advised 
to temporize until April 23 on which date 
blocking of s 1 and s 2 was followed by excellent 
results. A slight disturbance which the patient 
described as “‘catching-like’’ pain in the middle 
of the right buttock still persisted; the con- 
dition however gradually improved until it 
subsided completely. The patient is now able 
to walk without any difficulty and is free from 
pain. 


Results. The results obtained are as 
follows: 8 patients were completely relieved 
of the condition for which they consulted 
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physicians; out of these 1 still has some 
muscular pain on both sides of the but- 
tocks. This may have no relation whatso- 
ever with the original pain, but we are 
ready to accept that this was only a 
partial success. Of the 2 remaining cases 
subsequent blockings left what is described 
as a spasm of the muscles on the left side 
of the lumbar region, in 1 case, and a very 
mild pain described as cramp-like sensa- 
tions during changes of weather in the 
other. 

Comments. The diagnosis of the so- 
called sciatic neuralgias must not be con- 
fined to the use of the electric percussion 
hammer which is an instrument designed 
to determine with accuracy the tender 
spots in the territory complained of and, 
by comparison, to give an_ intelligent 
means of detecting the correct nerve and 
finding its path. A general physical exam- 
ination is of the highest importance 
because it reveals pathological conditions 
associated with the neuralgia and permits 
of its eradication immediately after the 
nerve-blocking. It is imperative that the 
foci of infection be cleared while the treat- 
ment of nerve-blocking is being instituted. 
Radiographic examination is_ priceless, 
because of the notion which it gives of 
associated pathological conditions of the 
bony structures and is one more means 
of reaching accuracy in the diagnosis of 
the affected nerves. X-rays of the spine 
should always be made, as they may reveal 
productive osteoarthritis which may be 
responsible for certain types of neuralgia, 
amenable to nerve-blocking. Abnormal! 
motility of articulations may also be 
revealed, a condition which comes within 
the territory of orthopedic surgery. 

Conclusions. (1) The so-called 
neuralgias include not only painful condi- 
tions of the sciatic nerves (great and small) 
but not infrequently associated conditions 


sciatic 


of the external cutaneous and anterior 
crural nerves. 

(2) Correct diagnosis of the nerves 
involved is of the highest clinical 


importance. 
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TaBLeE 1. Graphic representation of periods of sensory manifestations before and after blocking. Comparison is here 
as a direct or indirect result of the use of alcohol, so 


SYNOPSIS OF SENSORY CHANGES 








Original Sensory . Pain : eer * 
Santiectetiun: & 2 Persistency Pain Distribution A.B. 
ae sei ieee A.B. 


Case vin. S. F. 
Continuous aching like a tooth. In kidney left region, radi- 
ating downward toward 
the left leg down to the 
big toe and also extend- 
ing around the left side of 
the groin down the leg. 


Two months 


Nerves Blocked 


First and second lumbar 
and first sacral nerves on 
left side. 


Immediate Sensory 
Manifestations P.B. 


Severe burning-like, inter- 


mittent with some pins 
and needles over the 
posterior aspect of thigh 
and middle of sole up to 
toe for 2 hours. 








Case ix. M. G. 
Continuous twitching, stiff and 
aching like a tooth. 


Around the lIeft kidney 
region, radiating down- 
ward toward the leg and 
thigh and ankle. At outer 
and inner surface and at 
posterior aspect of leg to- 
ward the base of left big 
toe. 


Two years 


Second and third lumbar, 
first and second sacral 
nerves, on the left side. 


Intense burning and pins 
and needles which dis- 
appeared a few hours 
after injection, also sen- 
sation of heat which per- 
sisted for two days. 





Case v. I. H. 
Intermittent sharp, aching like 
a tooth. 


In left lumbar region, radi- 
ating toward outer and 
inner surfaces of leg and 
also toward posterior as- 
pect of thigh. 


Twelve years 


Second and third lumbar 
and first sacral nerves. 


Burning and heat-like sen- 
sation for 3 days. 





Case vi. G. H. 
Above right kidney, radi- 


Second and third lumbar 
nerves on the right side. 


Burning sensation. 








Continuous aching and spas- Four years 
modic. ating toward the thigh 
(outer and inner surfaces) 
and inner aspect of leg to 
about 30 cm. below the 
knee. 
Case vu. T. H. 
Continuous twitching, sharp Six weeks In back, over kidneys, 


more on right side, radi- 
ating downward to hip 
and thigh and forward 
above Poupart’s ligament 
toward groin and down- 
ward toward the calf, 
ankle and toe. 


and aching like a tooth. | 


First and second lumbar 
and first sacral nerves on 
the right side. 


Sharp, burning sensation, 
nervous chills which sub- 
sided in 20 minutes. 





Case x. M. H. 
Intermittent cramp-like. Around the right kidney, 
radiating downward to 
thigh and leg; ankle and 


big toe. 


Ten years 


Second and third lumbar, 
and first sacral nerves. 
Second sacral nerve in- 
jected at second session. 
All on right side. 


Difficulty in walking, stiff- 
ness and sensation of 
warmth for 2. days. 
Cramp-like twisting pain, 
intermittent with burn- 
ing sensation, after second 
injection 





Case u. R. J. 
Intermittent aching 
tooth. 


On left side of back, radi- 
ating downward toward 
outer surface of thigh. 


like a One year 


Second lumbar, first and 
second sacral nerves, on 
the left side. 


Severe heavy pressure and 
pins and needles dis- 
appearing a few hours 
after injection and lump- 
like feeling which lasted 
for 4 days. 
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established between the periods of suffering before blocking and those during which disturbances were experienced 


as to show the advantages derived from 


the treatment. 


AFTER LUMBAR AND SACRAL BLOCK 





Remote Sensory Manifestations P.B. 


Burning Like Fire Pins and Needles 


Other Manifestations 


Numbness 




















Pins and needles dis- On the twenty-ninth | No On the thirty-seventh 
appeared after two day, pins and needles day, numbness ap- 
hours and severe burn- appeared and _ per- peared and the pa- 
ing-like sensation per- sisted for 7 days. tient felt completely 
sisted for 28 days. relieved of pain. 

Burning sensation re- On the twenty-fourth | No On the eighty-fourth 
placed that of heat on day, pins and needles day, all previous sen- 
the third day, lasted appeared, continued sations disappeared, 
for 21 days and was_ for 28 days and was replaced by numb- 
confined to lower as- confined to buttock, ness in entire leg. 
pect of toe, posterior leg groin and big toe. 
aspect of calf and inner 
aspect of calf and leg. 

Burning sensation be- Pins and needles ap- | No Ontheseventy- 
came accentuated, peared at the end of seventh day numb- 
lasted for 35 days and  thirty-fifth day and | ness appeared. 
was confined to entire lasted for 42 days. 
leg, except anterior Intermittent, con- 
surface. fined mostly to big 

toe, calf and groin. 

Burning sensation, per- Pins and needles and No On the fiftieth day, 
sisted for 28 days and cramp-likesensation, numbness appeared, 
was confined to outer. intermittent, lasting confined to ankle and 
and inner surface of | for 21 days. lateral surface of 
thigh. thigh. 

Burning sensation per- On the _ thirty-fifth No On the eighty-fourth 
sisted for 35 days and day, pins and needles day, numbness ap- 
was confined to outer replaced the burning peared and all pre- 
and inner surface of sensation and was vious existing pain 
leg, toward the foot. confined to entire leg disappeared. Patient 

and persisted for 49 able to walk freely 
days. without any discom- 
fort. 

Burning-like sensation Pins and needles re- No 42 days following the 
began at endofsecond _ placed previous sen- second injection, 
day, persisted for 14 | sations, persisted for numbness replaced 
days and was confined 14 days and confined all previous existing 
to calf and lumbar to posterior aspect of sensations and was 
region. Followed by calf, thigh and but- confined to posterior 
another blocking. This _ tock. aspect of calf, thigh 
time cramp-like twist- and buttock. 
ing pain intermittent 
with burning sensation 
for 28 days confined to 
calf and buttock. 

Replaced by burning Pins and needles re- No On one hundred 


placed this previous 
sensation on the 
ninty-fifth day, was 
confined to the calf 
chiefly and persisted 
for 30 days. 


sensation on the fifth 
day and persisted for 
90 days. On the sixtieth 
day this was aggra- 
vated bya twisting and 
cramp-like sensation 
and confined to left 


thigh. 


twenty-fifth day, the 
sensation of numb- 
ness established itself 
definitely and patient 
did not complain of 
any further pain. 


Return of Pain 


120 days after 
blocking pain in 
anterior crural 
nerve, suggested 


local reinjection. 


Muscles on left 


side of lumbar 
region are in 
spasm. 

No 


Unknown, as pa- 
tient did not re- 
turn for further 
check-up 


No, but has mus- 
cular pain 
both sides 
buttocks. 


on 


ol 


No 


Received 
Treatment 


Yes 


Yes 

Yes, intensive 
treatments con- 
sisting of water 


baths and mas- 


sages 
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SYNOPSIS OF SENSORY CHANGES AFTER 





oo Pain . 
Original Sensory 2 : oa ‘ : Immediate Sensory 
20 ieentlons A Pe owe Pain Distribution A.B. Nerves Blocked MoniGucction © EB. 


Case un. P. R. 
Intermittent cramp-like and 
spasmodic. 


Sharp burning sensation 
with heat for 2 days. 


First sacral nerve, on the 
right side. 


In right lumbar region, in 
calf and at big toe. 


Ten months 








Case tv. B. S. 
Continuous spasmodic and 
twitching. 


Slight sensation of sting- 
ing pain which lasted for 
1 day. 


Second lumbar nerve, on 
the right side. 


In region of second lumbar 
on the right side, radi- 
ating toward the acetab- 
ulum and along side of 
Poupart’s ligament, then 
descending downward on 
lateral side of right thigh 
about 10 cm. where thigh 
and abdomen meet. Again 
about 10 cm. above knee 
and more toward middle 
line. Pain disappears and 
reappears about 10 cm. 
above ankle joint. 


Two weeks 














Case 1. M. T. 
Continuous sharp twitching 


like. 


Heat and lump-like sen- 
sations. 
Heat and lump-like sen- 
sations on lateral surface 
of thigh. 


Third lumbar nerve on the 
right side. 

Second injection made at 
second lumbar nerve, on 
the right side. 


Above the right kidney 
region and radiating to- 
wards the inner surface of 
thigh, disappearing round 
the knee and reappearing 
on inner surface of ankle 


One month 





joint. 





Note: A.B.—Ante-blocking, P.B.—Post-blocking. 


(3) The electric percussion hammer is 
of valuable help both in diagnosis and 
treatment. 

(4) Individual blocking of these nerves 
is here recommended in lieu of the classical 
caudal or epidural block which may be 
followed by impairment of the vesical 
and anal sphincters, as well as by weakness 
of both lower extremities, to say the least. 

(5) Individual block improves the circu- 
lation on the affected side and gives 
greater comfort to the patient. 

(6) The use of pure alcohol is contra- 
indicated, because of permanent damage 
that may ensue to motor function. 

(7) Mixtures of alcohol and neocaine 
in weak solutions and concentrations give 
better results. 

(8) The reaction or distortion of per- 
ception of sensations following alcohol 


block is occasionally severe and of rather 
long duration, but individual psychology 
is a great factor in their maintenance. 

(9) Physiotherapy in the form of dia- 
thermy, infra-red rays and massage seems 
to be accepted differently by different 
individuals. As a general rule, diathermy 
does not give as satisfactory results as 
infra-red rays and massage. Some patients 
do well by being left alone after explana- 
tion of the different phases of the sensory 
changes they are likely to go through. 
Others derive a real benefit from the post- 
blocking treatment. 

(10) Many patients were becoming or 
had become drug addicts. Nerve blocking 
has been a substitute for the narcotic drugs. 

(11) Painful conditions associated with 
productive osteoarthritis can be relieved 
by the use of alcohol-neocaine nerve block. 
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LUMBAR AND SACRAL BLOCK (Continued) 





Remote Sensory Manifestations P.B. 


Burning Like Fire 


Burning sensation be- 
came accentuated and 
persisted for 21 days 
and confined to back, 
posterior 
thigh and toe. 


Burning sensation inter- 


mittent with stinging 
pain for 28 days and 


distributed over Pou- 


part’s ligament and 
lateral surface of leg. 


Pins and _ needles 


numbness in leg on 
sixth day, persisting 
for 28 days. 

Patient reinjected ¢ 


weeks after first iniec- 


tion. 


aspect of 


re- Heat 
placed by burning sen- 
sation in abdomen and 


Pins and Needles 


Pins and needles re- 


placed previous sen- 
sation and this was 
intermittent with a 
cramp-like sensation 
which persisted for 
14 days and was con- 
fined to toe and calf. 


On thirtieth day, pins 


and needles and sen- 
sation of weight de- 
veloped in lumbar 
region about 10 cm. 
above the knee, last- 
ing for 14 days. 


and lump-like 
sensation replaced by 
pins and needles and 
confined to outer 
side of thigh for 5 
days. 


Received 


Return of Pain a 
Treatment 


Numbness 


Other Manifestations 


Treatments re- 


ceived 


On the forty-third day Cramp-like sen- 


Cramp-like feeling. 
numbness appeared = sation returned 


irreg- 


on the buttock and once ina while. ularly. 
| at big toe. Return of pain 
very mild dur- 
ing change of 
weather. 
No On forty-fifth day the No Yes 
sensation of numb- 
ness replaced all pre- 
vious sensations and 
lasted for 120 days. 
On the third day fol-| Numbness was defi- No Yes, intensive 


nitely established on 
the lateral surface of 
thigh on the twenty- 
eighth day following 
the second blocking 


lowing the second 

blocking, patient ex- 

perienced a cramp- 

like twisting sensa- 

tion which persisted | 
for 21 days. This was 

associated with 

spasm of psoas mus- 

cle. 





(12) It is not possible to foretell the 
period of relief, because this method of 
treatment is comparatively new and deli- 


cate in its application; but in our experi- 
ence it has given encouraging results and 
promises to be the method of the future. 


#2/5* 











STUDIES IN SPINAL ANESTHESIA* 


Meyer SAKLAD, M.D. 


PROVIDENCE, R. I. 


HE advance of any new or modified 

procedure in medicine is heralded 

by an attitude of criticism. This 
criticism may resolve itself into a destruc- 
tive force that puts to naught any or all 
claims made for the procedure. It may be a 
healthy constructive force that brings 
to light any advantages that it may have. 
Destructive or constructive criticism Is 
often tinged with prejudice. ‘‘ Prejudices,” 
as Bishop Berkeley once said, “‘are notions 
or opinions which the mind entertains 
without knowing the grounds or reasons 
for them, and which are assented to with- 
out examination.” 

Prejudices against certain manifestations 
of spinal anesthesia still persist, and have 
been the basis of modifications in the 
technique hitherto used. The most recent 
modifications advanced are the use of con- 
trollable solutions and _ vasoconstricting 
drugs. 

It is the purpose of this paper: 

1. To consider the bases upon which 
these changes have been recommended. 

2. To consider the pharmacological and 
physiological effects of the agents involved. 

3. To relate results obtained by the use 
of these procedures. 

4. To report on the blood chemistry 
investigation In patients operated upon 
under spinal anesthesia and compare with 
as nearly parallel a series of patients 
operated upon under the gas-ether sequence 
as was possible to obtain. 

Throughout the period of growth of 
spinal anesthesia and to the present day, 
the two greatest arguments against this 
form of anesthesia have been: 

1. The fall in blood pressure. 

2. The danger of respiratory paralysis. 


FALL IN BLOOD PRESSURE 


As to the fall in blood pressure, there are 
those who feel that a fall in blood pressure, 


no matter to what extent, can result in 
no serious consequence, if cerebral anemia 
is prevented by an adequate Trendelen- 
burg position. Hill** feels that the fall in 
blood pressure which occurs in spinal 
anesthesia, should be regarded as an indica- 
tion of the amount of vasodilation and the 
need for the Trendelenburg position; but 
not as a sign that the situation has devel- 
oped into one of unexpected gravity. 
Others feel that a fall in blood pressure to 
any great extent Is a sign of severe circula- 
tory or vascular depression, leading or 
conductive to true shock. Sise* feels that 
vascular depression is the most serious 
condition which accompanies spinal anes- 
thesia and is the cause of most of its 
mortality. Those that believe that the fall 
in blood pressure is a serious matter prevent 
or treat it. They feel this way in spite 
of the fact that no one has definitely 
proved that the clinical pictures of spinal 
anesthesia and surgical shock are exactly 
the same. 

The etiology of the fall in blood pressure 
has been so often repeated in papers of this 
kind that it will suffice if I mention it in 
brief. Labat?”? has best described it. The 
fall is caused by pooling of blood in the 
splanchnic vessels as result of paralysis 
of vasoconstricting fibers coming from 
the sympathetic ganglia, caused by the 
action of the drug on the anterior roots. 

Let us consider the shock producing 
reputation'* of spinal anesthesia. Surgical 
shock, as defined by Cannon,” is a general 
bodily state characterized by persistently 
reduced arterial pressure; by a _ rapid 
thready pulse; by pallid, greyish or slightly 
cyanotic skin which is cold and moist with 
sweat and by a superficial rapid respiration. 
McKesson has laid down rules for shock 
determination. He holds that a typical 
case of shock is characterized by a diastolic 
pressure of 80 mm. or less, a pulse pressure 


*Read before the American Society of Regional Anesthesia at its stated meeting of October 7, 1930, at the 
New York Academy of Medicine. 
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of 20 mm. or less and a pulse rate of 120 or 
more. He also states that after a half hour 
of sustained low pressure and rapid pulse 
the patient succumbs either shortly or 
within three days of surgical shock or heart 
exhaustion. 

These are the cardinal signs of surgical 
shock. A patient to be in surgical shock 
must exhibit all of these signs. Now, how 
does the circulatory picture in spinal 
anesthesia differ? True, the patient under 
spinal anesthesia exhibits a picture pretty 
close to the one described. The diastolic 
pressure is apt to be 80 mm. or less, the 
pulse pressure 20 mm. or less but the pulse 
rate is almost never 120 or more. The only 
time that the pulse rate is 120 or more is 
when the patient comes to operation 
suffering from prostration, shock, or hemor- 
rhage. Even then, the pulse rate is more apt 
to come down than go up under spinal 
anesthesia. Is the difference in the pulse 
rate picture in spinal anesthesia and that 
in surgical shock important enough to 
consider? I believe that it is important 
enough to say that it changes the entire 
picture. Why? 

In surgical shock, the patient is suffering 
from a blood pressure that is low and 
falling, a pulse rate that is rapid and climb- 
ing. The patient’s circulatory system is 
thrown into a vicious cycle. The lower 
the blood pressure falls, the higher rises the 
pulse rate. Associated with this condition 
is the excessive perspiration almost always 
present in surgical shock which aids the fall 
in pressure. The circulatory system is in a 
state of exhaustion. Whereas, under spinal 
anesthesia the blood pressure is low and 
falls, soon to reach its lower level where it 
stays. The pulse rate remains in its proper 
relationship to the systolic and diastolic 
pressures. The lower the blood pressure, 
the lower falls the pulse rate. There is no 
concomitant loss of body fluids by per- 
spiration as in surgical shock. Respirations 
are slow. There exists a state of circulatory 
relaxation. Furthermore, the patient under 
spinal anesthesia returns to bed with a 
rising blood pressure. The patient in 


Saklad—Spinal Anesthesia 


American Journal of Surgery 453 
surgical shock returns to bed with a blood 
pressure that is low or falling. In short the 
blood pressure-pulse rate ratio in spinal 
anesthesia is not altered, whereas in 
surgical shock this relationship is definitely 
disturbed. 

The low pulse rate in spinal anesthesia 
is the saving factor. Cannon believes that, 
in surgical shock, the patient dies because 
the pulse rate becomes so rapid and the 
period of diastole so short, that in the pres- 
ence of a low blood pressure the heart 
cannot take up within its walls sufficient 
nutrition to carry on. Under spinal anes- 
thesia the blood pressure may be as low as 
that in surgical shock, but the period of 
diastole is greatly lengthened giving the 
heart sufficient time to nourish itself, 
even in the presence of a low blood pres- 
sure. It is my opinion, therefore, that it is 
more important to maintain a low pulse 
rate than a normal blood pressure. 

The patient under spinal anesthesia is 
not suffering from surgical shock or a 
condition to be likened to it. Moreover, 
I feel that spinal anesthesia acts as a 
prophylactic measure to surgical shock 
for two reasons: 

1. It pulls the pulse rate down, thus 
preventing inception of a vicious cycle. 

2. Spinal anesthesia by its nerve block 
prevents the piling up of incoming stimuli. 

Burch and Harrison,®? in studying the 
effect of spinal anesthesia on cardiac out- 
put conclude that the initial change is in 
arterial pressure and the venous return 
and cardiac output are affected secondarily. 
This sequence of events is just opposite 
to that in hemorrhage. Blalock** has shown 
that in hemorrhage the cardiac output 
decreases first and is already reduced from 
one-third to one-half before a significant 
decline in mean arterial pressure occurs. 

Those that feel that the fall in blood 
pressure should be prevented or treated 
have done so by using one or a combination 
of the following procedures: 

1. The use of controllable agents. 

2. The use of vasoconstricting drugs as 
adrenalin, strychnine, and ephedrine. 
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3. The administration of fluids intra- 
venously. 


CONTROLLABLE AGENTS 


Theoretically, the higher the anesthesia, 
the greater the number of anterior roots 
involved and the greater should be the fall 
in blood pressure. Therefore, there is the 
attempt to limit the number of anterior 
roots involved to those absolutely necessary 
to the area of operation, by using drugs of a 


specific gravity different from that of 


spinal fluid, a heavy and a light solution. 

Heavy Solutions. The solution of heavy 
specific gravity most commonly used is 
one of a solution of novocaine in glucose. 
Thus, in trying to limit the upward extent 
of novocaine when using this solution, it is 
necessary to place the patient in a modified 
Fowler’s position, te., with the head 
higher than the pelvis. This technique has 
been almost entirely discarded since it is 
realized that the Trendelenburg position 
is the safest and most dependable way to 
prevent cerebral aenmia. 

Light Solutions. The most popular solu- 
tion of lighter specific gravity is one con- 
taining novocaine as the anesthetic agent; 
starch to increase its viscosity; alcohol to 
lower its specific gravity, and strychnine to 
stimulate the sympathetic nerves. The 
theory behind this is that by the introduc- 
tion of this viscid solution within the 
subarachnoid space, its diffusion will be 
diminished and its period of absorption 
lengthened, so that by lowering the head 
of the table one can limit the upward 
extent of the drug. 

The use of this agent in my hands and 
the hands of others,*:°?* has not lived 
up to its reputation of being absolutely 
controllable. It is impossible to determine 
beforehand to exactly what level the 
anesthesia will extend. Careful investiga- 
tion will disclose a level of anesthesia 
either lower or higher than that antici- 
pated. Donald? asks, “Does controllability 
matter?” He concludes as does Hill,” 
that the use of this viscid solution of lighter 
specific gravity than spinal fruid is no more 
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controllable than novocaine or neocaine 
crystals dissolved in spinal fluid and used 
as the anesthetic agent. 

Sise,'® in reviewing statistics reports 11 
deaths due to spinal anesthesia in the city 
of Boston in a current year. Of the 5 cases 
he details, all were patients to whom a con- 
trollable anesthetic had been administered. 
Four of the agents were of the viscid non- 
diffusing type and the fifth one of the 
novocaine in glucose type. 

Stout,'* using a solution of novocaine in 
spinal fluid has advanced a volume control 
technique. He feels that the height of 
anesthesia is proportional to the dosage, 
the amount of solvent, and the time taken 
to inject the solution. I feel that the height 
of anesthesia is more proportional to the 
amount of solvent than any other single 
factor. 


VASOCONSTRICTING DRUGS 


A. Adrenalin. Evans'* recommends epi- 
nephrine highly and feels that it isof greater 
value than ephedrine. Sise*? advises the 
use of adrenalin as a vascular supportive 
after the induction of anesthesia. The ac- 
tion of adrenalin and ephedrine is alike 
except that adrenalin acts sooner but is 
not as prolonged. 

B. Strychnine. Pitkin*! recommends the 
use of strychnine because of its action on 
the vasoconstrictors. As to the value of 
strychnine Hill® feels it is contraindicated 
and says that it produces a state opposite 
to that desired, that is, strychnine breaks 
down the internal resistance of the spinal 
cord so that a definite stimulus produces a 
greater motor response than under normal 
conditions. This, in spinal anesthesia, 
leads to the early onset of rigidity and 
puts the patient into a state diametrically 
opposed to that desired by the anesthetist, 
who wants a smaller response to a given 
stimulus. He wants the passage from one 
side of the reflex arc to the other made 
more diflicult, and the internal resistance 
of the cord increased. 

Sollmann” says, “The effect of thera- 
peutic doses of strychnine on the blood 

















New Series Vor. XI, No. 3 


pressure are so inconstant and small that 
they can be accidental.” 

Jonnesco® has given up the use of 
strychnine after fifteen years’ trial. 

c. Ephedrine. The literature on the use 
of ephedrine in spinal anesthesia abounds 
with praises as to the benefits to be derived 
from the use of this drug. This drug has 
been and is still being used without the 
knowledge of its other effects or associated 
dangers. 

Ephedrine, the alkaloidal active prin- 
ciple of ma huang was first isolated in 
1885. In 1923 Chen’ re-isolated it. He’ 
claims that the rise in blood pressure which 
it causes is due to simultaneous vaso- 
constriction and cardiac stimulation pro- 
duced by stimulation of the corresponding 
sympathetic fibres. Cardiac stimulation, 
he feels, plays a larger share than vaso- 
constriction in the pressor effect of ephedrine 
in anesthetized animals. He states that 
ephedrine in small doses might cause 
cardiac failure when administered after a 
period of low blood pressure. Bloedorn 
and Dickens® state that coincident with 
the rise in blood pressure is an acceleration 
in pulse rate. They feel that this drug is 
contraindicated in cases of cardiac insuffi- 
ciency and that the use of ephedrine may 
result in arrhythmia, Sise'® feels that large 
doses of ephedrine put a heavy load on the 
heart and may cause cardiac failure. He 
cites 2 deaths due to overdosage. Blalock 
believes ephedrine injurious in severe shock. 
Rudolph and Graham!'' state that ephe- 
drine should not be repeated as it will 
result in a harmful effect on cardiac muscle. 
They believe that it is apt to give rise to 
numerous extrasystoles and occasionally 
may result in acute cardiac dilatation. 
Phelps!® believes ephedrine stimulates by 
its accelerator mechanism and that large 
doses depress cardiac muscle and cause 
fall in blood pressure. Electrocardiographic 
studies of the effect of ephedrine in man 
by Middleton and Chen”! in 11 patients, 
the drug taken by mouth, 7showed no 
change and 4 developed ventricular extra- 
systoles. These changes were more marked 
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in a patient with chronic myocarditis in 
whom the systolic pressure fell 30 mm. 

Investigation into action of ephedrine on 
the splanchnic blood vessels of the dog was 
carried out by the author through the 
courtesy of the Department of Biology at 
Brown University. Ephedrine was admin- 
istered to etherized dogs and its action on 
the mesenteric vessels noted. The action 
of spinal anesthesia on these vessels was 
also investigated. The conclusions drawn 
as the result of this study are that ephe- 
drine increased the noticeable pulsations in 
the vessels but that there was no vaso- 
constriction. Spinal anesthesia administered 
to the dog after the injection of ephedrine 
caused vasodilation. Administration of 
ephedrine to a dog under spinal anesthesia 
causes no vasoconstriction. 

So, to summarize, we have in ephedrine 
a powerful drug which, through its vaso- 
constricting action and by its cardiac 
stimulation, is capable of raising the blood 
pressure. It is an agent which is contra- 
indicated in cases of cardiac insufliciency. 
In a small percentage of cases, it may 
cause ventricular extrasystoles and in cases 
of chronic myocarditis, its use Is apt to 
cause a fall in blood pressure rather than a 
rise. It should not be given, even in small 
doses, in the presence of a low blood pres- 
sure. In large doses, it puts too heavy a 
load on the heart. It is of no value in severe 
shock. Its dosage must not be repeated. 

What part does it play in spinal anes- 
thesia? Does it maintain the blood pressure 
as has been claimed? Is its action character- 
ized by an increase in pulse rate? If it does 
these, is it of value? 

Action of Ephedrine on Blood Pressure. 
In a series of 120 spinal anesthesias on all 
types of patients and in all types of ab- 
dominal and lower extremity operations, 
preceded by administration of gm. .05 
ephedrine subcutaneously, there was an 
average fall of 38 mm. Hg in the systolic 
pressure as compared with the preoperative 
pressure. In a like number of unselected 
cases of patients operated upon under 
spinal anesthesia and not preceded by 
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ephedrine medication and using neocaine 
dissolved in spinal fluid as the agent, there 
was an average fall of 60 mm. Hg in the 
systolic pressure. 

As to the fall in blood pressure occurring 
during operation at different levels of the 
body both in using and omitting ephedrine: 











Lower Lower Upper Aver- 
Extremity Abdo- Abdo- age 
Perineum men men Fall 
Ephedrine........ a mm. 30mm. 53 mm’ 38mm. 
No Ephedrine.... 53 mm. 53 mm. 75 mm. 60 mm. 





This proves that ephedrine does not 
maintain the blood pressure at or near the 
preoperative pressure. It proves, however, 
that the administration of ephedrine does 
not allow the pressure to fall to the extent 
that would occur if it were not used. Both 
Donald® and Hill’ reach the conclusion 
after a study of ephedrine that it does not 
prevent a fall in blood pressure 

Action of Ephedrine on the Pulse Rate. 
In the cases in which ephedrine was used, 
there was a rise in the pulse rate over the 
systolic pressure in 44 per cent of the cases. 
In a like number of anesthesias and not 
employing ephedrine, there was an increase 
in the pulse rate over the systolic pressure 
in 20 per cent of the cases. I have tried to 
show earlier in this paper that a fall in 
blood pressure can result in no damage in 
the presence of the Trendelenburg position. 
I have also tried to show that as long as the 
pulse rate remained in its normal! relation- 
ship to the systolic and diastolic pressures, 
the circulation was in a state of relaxation, 
and that if the pulse rate began to climb 
above the systolic pressure, thus destroy- 
ing the normal blood pressure-pulse rate 
relationship, the circulation was passing 
through a period of stress or excitation. 
If the pulse rate climbed still higher, the 
circulation was in a state of exhaustion. 
This blood pressure-pulse rate relationship 
is important. Of 27 deaths in this series, 17 
or 63 per cent ran a pulse rate during the 
operation higher than the systolic pressure. 
Of all cases where the blood pressure-pulse 
rate relationship was so disturbed, death 
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occurred in 25.3 per cent of cases. In the 
cases where this relationship was not dis- 
turbed, death occurred in 5.3 per cent of 
cases. This, incidentally, may be used in 
prognosis. The patient running a pulse 
rate higher than the systolic pressure 
during the operation is not as apt to get 
well as one whose blood pressure-pulse rate 
relationship has remained normal. 

What conclusions should be drawn about 
a drug that is dangerous to use in cardiacs, 
that should not be repeated, that could only 
be used in minimum doses, that should not 
be used in the presence of a low blood 
pressure and in spinal anesthesia, that has 
a marked tendency to disturb the normal 
blood pressure-pulse rate relationship, plac- 
ing the patient in a condition closer to 
circulatory exhaustion? 

I feel that its use is based on an un- 
founded prejudice and that it does not 
merit the place it has occupied in the hands 
of those employing it in spinal anesthesia. 
I feel also that its use is not only value- 
less but dangerous and that no vasocon- 
stricting drug will ever find a place in 
spinal anesthesia unless it has a specific 
stimulating effect on the sympathetic 
fibers to the splanchnic blood vessels and 
has no action on any other part of the 
circulatory mechanism. 


INTRAVENOUS INFUSION 


The intravenous infusion of large 
amounts of solution, during operation or 
as a postoperative measure, Is given with 
the belief and hope that a rise in blood 
pressure will result. The desire is to replace 
in the peripheral circulation, fluid that has 
been pooled in the splanchnic vessels. | 
feel this procedure may be safe on a patient 
who has had some other form of anesthesia, 
but in spinal anesthesia, this procedure 
is unwise. There is no point in trying to 
raise the blood pressure. The blood pressure 
will return as soon as the novocaine action 
on the motor roots wear off and not before. 
There is no fluid Jost to replace. The 
patient has not been perspiring and losing 
large amounts of fluid as under ether 
anesthesia or in surgical shock. The addi- 
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tion of large amounts of fluids to a cir- 
culation where none has been lost may 
easily overburden that circulation. Further- 
more, where will this fluid go to? Labat!” 
has shown that under spinal anesthesia, 
there exist two centers of vascular tension, 
one high and one low. Fluid administered 
to a patient under spinal anesthesia will 
but be carried to the one of low tension 
and will but serve to increase the amount of 
splanchnic dilation. 

I make but few exceptions to this rule 
of not administering fluid intravenously to 
patients under spinal anesthesia. The ex- 
ceptions may be in the case of a patient 
who has lost a large amount of fluid pre- 
vious to anesthesia. Thus, if a patient 
comes to operation in prostration or shock 
and perspiring greatly or in the case of 
hemorrhage, I try to replace only as 
much fluid as I believe the patient has 
lost. Another exception would, of course, 
be in the diabetic necessitating intravenous 
glucose medication. 


RESPIRATORY PARALYSIS 


The cry that a great danger of spinal 
anesthesia is respiratory paralysis is an 
old one. The action of novocaine on the 
respiratory center was the thing most 
feared. As late as February, 1929, Hilaro- 
wicz and Szajna* recommended KCI to 
be used with the anesthetic solution, giving 
as one of the advantages that it acts as 
an antidote to respiratory paralysis. It 
will suffice to say that the work of Koster‘ 
has shown that respiratory paralysis is 
not to be feared. 


BLOOD CHEMISTRY STUDIES 


One of the most important qualities an 
anesthetic agent must possess to make 
itself valuable in surgical procedures is an 
ability to leave undisturbed or to upset as 
little as possible the body metabolism. 
Any marked changes in the body metab- 
olism should surely manifest itself in the 
blood chemistry. The extent of this change 
should be in direct proportion to the 
amount of change in the blood chemistry. 

With this in mind, an attempt was made 
to determine the changes in blood urea, 
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blood sugar, and carbon dioxide combining 
power in patients operated upon under 
spinal anesthesia and compared with a like 
series of patients operated upon under 
gas-ether. 

The patient’s blood was taken early in 
the morning. Blood for sugar determination 
was collected in an oxalate tube. Blood 
for carbon dioxide determination was al- 
lowed to run from the needle through a 
capillary tube and collected under oil. 
Operations were usually performed in the 
morning. A second specimen of blood was 
taken about 4:00 p.m. A third specimen 
was taken the following morning at about 
10:00 A.M. This gave three sets of readings, 
a preoperative reading, one four to six 
hours later, and the third about twenty-six 
hours later. 

The methods of determination were for 
blood urea, method of Van Slyke and 
Cullen, modification of Marshall; for blood 
sugar, method of Folin and Wu; for carbon 


dioxide combining power, Van Slyke 
method. 
Findings. In a series of 50 patients 


under spinal and a like number under ether, 
the following determinations were received: 





CO, Com- 


Urea Blood Sugar ,.: 
6 bining Power 
Gas ether 
6 hours + 4.27 +27 —10 
mg./100¢.c. mg./100 ¢.c.  ¢.c./ 100 C.c. 
24 hours +10.45 +18 — 3 
Spinal 
6 hours + 0.00 + 5.4 — 7.8 
24 hours + 3.72 + 5.0 — 3 





Blood Urea. Under ether anesthesia, 
there was an increase of 4.27 mg. per 100 
c.c. at the end of six hours. At the end of 
twenty-four hours, this continued to in- 
crease to 10.24 mg. per 100 c.c. Using 
15 mg. as the upper normal limit, there 
was an increase of 28 per cent at the end 
of the first period and 69 per cent at the 
end of twenty-four hours. Under spinal 
anesthesia, there was no increase at the 
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end of six hours and an increase of 3.72 
mg. per 100 c.c, at the end of twenty-four 
hours. An increase in blood urea" ts refer- 
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hours post-op. 
Fic. 1. Blood urea. 
Spinal anesthesia 
Ether anesthesia----------- 





able to accumulation due to defective elimi- 
nation through the kidneys. It seems quite 
obvious, therefore, that spinal anesthesia 
would be indicated in cases where kidney 
damage is present or to be feared. 
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Fic. 2. Blood sugar. 
Spinal anesthesia 
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Blood Sugar. 


Blood sugar determination 


in the ether series showed an increase of 


27 mg. per 100 c.c. at the end of six hours. 
At the end of twenty-four hours, this had 
dropped to 18 mg. per 100 c.c. Using 100 
mg. as the normal, this was an increase of 
27 per cent at the end of six hours and an 
increase of 18 per cent at the end of twenty- 
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four hours. For the spinal cases, the 
increase at the end of six hours was 5.4 
per cent and at the end of twenty-four 


ce Per 10 ce. 
decrease 


Poet 
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hours post-9o 
Fic. 3. CO» combining power. 








Spinal anesthesia 

Ether anesthesia----------- 
was 5 per cent. The hyperglycemia asso- 
ciated with anesthesia has been variously 
interpreted as either the result of diminu- 
tion in sugar metabolism or due to an 
increase in glycogenolysis, that is, an 
increase in the rate at which gly cogen in the 
liver is converted into sugar and given off 
to the blood. Estes and Burge" conclude 
that it is due to a decrease in sugar metab- 
olism. Whatever this hyperglycemia is 
due to, there is no doubt that spinal 
anesthesia is advantageous in cases where 
an upset in the carbohydrate metabolism is 
to be feared. 

Carbon Dioxide Combining Power. At 
the end of the six-hour interval, in the 
ether series, there was a decrease of 10 c.c. 
in each 100 c.c. of blood plasma. At the 
end of the twenty-four hour period, this 
had dropped to 3 c.c. Using 62 as normal, 
the six-hour period showed a drop of 16 
per cent and the twenty-four hour period, 
4 per cent. The spinal cases showed at 
the end of six hours a fall of 7.8 c.c. or 
12 per cent and the twenty-four hour 
period, 3 c.c. or 4 per cent. 

The ability of the blood plasma to bind 
carbon dioxide offers what is probably the 
most reliable means of detecting acidosis, 
and of measuring its degree.’* Though the 
difference between the determinations in 
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carbon dioxide combining power in the 
ether and the spinal series is not as great 
as in blood urea and blood sugar, I feel 
safe in saying that the tendency to 
acidosis as shown by this is greater in the 
ether series than in the cases operated 
upon under spinal anesthesia. 

The cases upon which these studies are 
made are as varied as could be obtained and 
a list of them is appended. 

In a discussion of a series of cases 
under any anesthesia, it is but fair to 
consider the deaths that occurred. I shall 
not go into detail except to say that by 
far the largest percentage of deaths oc- 
curred in the cases of intestinal obstruc- 
tion. In these cases, I have set myself a 
set of rules to guide me in the type of 
anesthesia to employ. In the acute intes- 
tinal obstruction with distention due to 
neoplasm, where the surgeon desires to do 
nothing but relieve the toxemia by intes- 
tinal drainage, it is wise to use field block. 
In the obstruction due to adhesions and 
where relaxation is necessary, spinal anes- 
thesia is indicated. In the obstruction 
that is early and unassociated with marked 
distention and vomiting, it is safe to use 
spinal anesthesia to remove the obstructing 
mechanism. In short, if relief of symptoms 
is desired, use field block. If cure of the 
pathological process is the aim, use spinal. 

There occurred in this series two deaths 
that may be said to have been unexpected. 
In the first case, the surgeon feels that the 
anesthesia was not responsible for the 
death, but the family physician has no 
doubt but that it was. In the second case, 
the surgeon, although admitting that the 
patient was an extremely poor risk and if 
she had had ether would have died within 
twenty-four hours, feels that spinal anes- 
thesia was the cause of death on the operat- 
ing table. 


Case 1. Miss G. S., aged fifty. Preopera- 
tive, temperature 98.6, pulse 104, respiration 20, 
blood pressure 140/70. Heart and lungs normal. 
No history of palpitation, dyspnea, or edema. 
Preoperative diagnosis, acute intestinal ob- 
struction. Anesthesia, neocaine gm. 150 c.c. 
at 4:35 P.M. Patient placed into Trendelenburg 
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position immediately after anesthesia. Fifteen 
minutes after induction of anesthesia B.P. 
65/35, thirty minutes B.P. 55/30, pulse 100. 
This continued to end of operation. Operation, 
freeing of adhesions. Patient left operating 
room in seemingly good condition. Color good, 
patient conscious and rational. At 6:00 P.M., 
pulse 108, good quality, R. 32. At 7:15 P.M. 
pulse good, color slightly cyanotic. At 9:00 
p.M., I. 100, P. 140, R. 36, seen by surgeon who 
felt that patient’s condition was good. At 1:00 
A.M., 1. 104.4, P. 140, R. 18. At 2:45 A.M., 
intravenous saline by interne, B.P. 75/32, 
color slightly improved, but respirations slow. 
At 3:25 a.M., T. 106.8, and at 5:00 a.m., T. 108. 
At 6:15 A.M., patient died. 


Case ut. Mrs. A. A., aged seventy-one. 
Preoperative diagnosis, large fibroid uterus. 
Patient had had two severe uterine hemor- 
rhages previous to operation. T. 98.6, P. 100, 
R. 20, B.P. 160/80. Physical examination, 
Lungs clear. Heart action regular, sounds 
distant. No murmurs heard. Renal function, 
II per cent in two hours. Urine examination 
negative for albumin and sugar. R.B.C. 
2,336,000; blood urea 18.17; Non-protein 
nitrogen, 31.3. Spinal anesthesia is induced 
by the use of gm. 120 neocaine preceded by gm. 
05 ephedrine. Patient placed in Trendelenburg 
position. B.P. fell to 120/60 in ten minutes 
and in twenty minutes was 100/50. Large 
uterine fibroid removed and during abdominal 
closure, patient’s pulse and blood pressure 
became imperceptible and respirations ceased. 
Cardiac stimulants and artificial respiration 
with carbon dioxide and oxygen did not revive 
the patient. 


In conclusion, a fall in blood pressure 
per se, can result in no serious consequence 
if the patient is kept in the Trendelenburg 
position. The low pulse rate in spinal 
anesthesia is the saving factor. The circula- 
tion in a patient under spinal anesthesia 
is in a state of relaxation, as long as the 
blood pressure-pulse rate relationship is 
maintained. Controllable agents are of no 
advantage. Ephedrine, in safe doses, does 
not maintain the blood pressure at or near 
its normal level. Ephedrine by its cardiac 
acceleration places the patient in a condi- 
tion closer to circulatory exhaustion. The 
blood pressure-pulse rate ratio in spinal 
anesthesia preceded by ephedrine is mid- 
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way between that of surgical shock and 
that of spinal anesthesia without the use 
of ephedrine. Intravenous infusion, unless 
indicated by loss of fluid out of the circula- 
tory system, Is of no value and may result 
injuriously. Blood chemistry studies show 
that a patient under spinal anesthesia has 
less protein retention, a better carbohy- 
drate metabolism, and a lesser tendency to 
acidosis than under gas-ether anesthesia. 


OPERATIONS UNDER SPINAL ANESTHESIA 


Appendectomy, clean............... 35 
Appendectomy, with peritonitis...... 10 
Bladder, cystotomy................ 9 
SE 
NE ne ee 

Gall bladder acute gangrenous....... 6 
Cholecystectomy................... 4§ 
| RERSET ee AR a eee ere nee 10 
ice tewdanese. Gl 
Herniae, femoral strangulated... . 5 
eee 35 


Herniae, inguinal strangulated...... . 10 
Herniae, umbilical................. 3 
Herniae, umbilical strangulated..... 1 
ES 
i icsie ats Brain witli aiiioas 30 
iit ns hala digs vlan ha 8 
Intestinal obstruction acute......... 15 
Intestinal obstruction chronic........ 3 
Intestinal resection................. 3 
ee 5 
i a as gg I 
Leg osteomyelitis.................. 3 
et ee 3 
Perforated duodenal ulcer........... 4 
a 
Pneumonic peritonitis.............. I 
Prostatectomy perineal............. 3 
Prostatectomy suprapubic........... 35 
Reclosure of Abd. Wd.............. I 
Salpingo-oophorectomy............. 15 
Gastroenterostomy................. § 
Uterine suspension................. 5 
Hypernephroma................... I 
as ie béncwede eases 
ED Sinica & ach eicate-nin deems 5 
a 4 


(For discussion of this paper, see p. 464) 
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DEATHS FROM SPINAL ANESTHESIA* 


Henry C. FAtk, M.D. 


NEW YORK 


HE use of spinal anesthesia for 

major surgery for the past five years 

has become so general that there is 
hardly a hospital of any size or importance 
throughout the country in which it is not 
practiced. Novocaine, neocaine, stovain, 
cocaine, nupercain are among the various 
drugs now being used for the purpose. 

The more universal the application 
of a method of anesthesia becomes the 
more apt it is to be placed in the hands of 
individuals whose knowledge of its phy- 
siology and application is inadequate and 
who following the time old adage ‘Rush 
in where angels fear to tread.” 

L. F. Sise in 1929 attempted to collect 
the reports of deaths from spinal anesthesia 
in greater Boston for one year. He states 
that “A rough estimate of the number of 
spinal anesthesias given during this period 
(fourteen deaths) forces the conclusion 
that the death rate has not been better 
than one to one hundred.” Against this 
we have the reports collected by Rygh and 
Bessesiu who have collected statistics 
of 250,895 spinal anesthesias with 75 
deaths making a mortality rate of 1 to 
3345. Using the deaths of which they have a 
brief clinical summary they were able to 
arrive at a corrected mortality rate, e.g., 
deaths due only to spinal anesthesia of 1 to 
11,060. These are the estimates for the 
particular clinic from which they come but 
are they true for all hospitals? I am sure 
that the number of: deaths from spinal 
anesthesia not reported exceed by far 
the number that are reported. 

Whenever a process becomes so univer- 
sal, attempts are made to adopt a uniform 
technique that is as foolproof as possible. 
With this idea in mind we adopted at the 
Harlem Hospital during the past year a 
definite routine on all spinal anesthesia 
cases. 

All our spinal anesthesia patients re- 


ceived 14 grain of morphine and !;59 grain 
of atropine one hour before the time 
scheduled for the operation. Just previous 
to the instillation of the spinal anesthetic 
into the canal the patient received one 
ampoule of ephedrine (0.5 gm.). In the be- 
ginning of this series we injected all of our 
patients in the sitting posture but as we 
found the current literature containing 
more and more reports against the use of 
the sitting posture for the injection we 
reverted to the lateral prone position 
giving the injection with the patient lying 
on the side with the knees and head flexed. 
The injection was usually made in the 
region of the second or first lumbar space. 
About § c.c. of spinal fluid were withdrawn 
to dissolve 200 mg. of novocaine. This 
solution was drawn into a syringe and 
attached to the spinal needle; an addi- 
tional 5 c.c. of spinal fluid was withdrawn 
into the syringe; then by a process of 
barbotage, injecting 3 c.c. and withdrawing 
2 the entire fluid was injected into the 
spinal canal. 

With this as our basic technique all our 
adult patients received the same dose. 
Practically all of our anesthesias were 
given by the same man. For a period of 
about nine months during which time 260 
anesthesias were given we had no mishaps 
of any kind. A change of service occurred at 
this time. The same anesthetist remained 
on with the new operating team. Spinal 
anesthesia was continued as the routine 
anesthetic using the same _ technique. 
Within a period of less than three months 
during which time an additional 154 
anesthesias were given there were 3 fatali- 
ties from spinal anesthesia. These all 
occurred on the table before the operation 
was begun. These were definitely and with- 
out a question of doubt caused by the 
anesthetic. These patients were apparently 
all in good physical condition and had been 


* Read before the American Society of Regional Anesthesia at its stated meeting of October 7, 1930, at the New 
York Academy of Medicine. 
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in the hospital from five days to two weeks 
before operation; they were all considered 
good surgical risks. Two of these cases 
were gynecological, the third was a second- 
ary operation on an old empyema. They 
all received 200 mg. of novocaine in 10 c.c. 
of spinal fluid reinjected by barbotage at 
about the level of the second lumbar space 
in the lateral prone position. They were all 
immediately placed in the Trendelburg 
position and all complained at first of an 
inability to breathe and speak. Apparently 
these patients all died of a respiratory 
failure; they were unable to breathe, they 
could not inhale. The pulse was obtainable 
at the wrist and over the heart for fully 
fifteen minutes after respiration had ap- 
parently ceased. During this time the 
patients made repeated efforts to breathe 
but were unable to do so. Whether this 
was due to a failure of the respiratory 
center or to a failure of the respiratory 
muscles one cannot definitely say. The 
impression obtained at the time was that 
the death was due to a failure of the respira- 
tory muscles. The central stimulus seemed 
to be present and acting. These patients 
all made an effort to breathe but were 
unable to do so. Apparently the nerves 
to the muscles were anesthetized and the 
muscles became paralyzed. In one case, 
second gynecological, an attempt was made 
to maintain respiration with the respirator 
but this failed. This was apparently due 
to the fact that the patient had to be 
transported to another part of the hospital 
and the respirations were suspended too 
long for resuscitation to occur. 

The question may be raised as to the 
relationship of ephedrine to these deaths. 
All of these patients received one ampoule 
(.05 gm.) of ephedrine before the spinal 
anesthesia was given. Labat believes that 
ephedrine has a direct relationship to spinal 
anesthesia deaths. He states, that “‘the 
contraction of the peripheral vessels cause 
a further anemia of the brain and that 
ephedrine has no action on the splanchnic 
area.” I cannot agree with this. These 
patients did not die from cerebral anemia. 
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They were all in the Trendelenburg posi- 
tion and the pulse was obtainable for 
fifteen minutes after respiration had ceased. 
Ephedrine like all sympathico-mametic 
drugs acts directly on the nerve ends in 
the vessel walls which are not attacked by 
the anesthetic given intraspinally and there 
is some evidence for the belief that it may 
act on the smooth muscle of the vessel walls 
as well. Furthermore the fact remains that 
in cases of spinal anesthesia the blood 
pressure Is maintained at or near the 
normal for that individual with ephedrine. 

How can we account for these fatalities? 
I believe these patients all received an 
excessive dose of novocaine. In using a 
routine dose of 200 mg. of novocaine we 
were attempting to cover too many factors. 
We were trying to have an anesthetic agent 
that would last long enough for the slowest 
operator and would give a _ complete 
anesthesia of the entire torso. We entirely 
disregarded the question of individual 
susceptibility to the drug and we did not 
individualize the cases enough. We are 
therefore forced to the conclusion that it 
is absolutely impossible to establish a 
routine dosage of novocaine for spinal 
anesthesia in all patients. 

At Harlem Hospital we had one unto- 
ward result following the use of spinal 
anesthesia. 


Case 1. Mrs. B. C. Admitted with a 
diagnosis of multiple fibroids. Her blood pres- 
sure was 160/90 and her general condition 
good. She was brought to the operating room 
and given two hundred milligrams of novocaine 
intraspinally at the level of the second lumbar 
vertebra with barbotage preceded by an 
ampoule of ephedrine. The patient was placed 
in high Trendelenburg position and a simple 
hysterectomy was performed. She left the 
operating room in good condition and was 
placed in bed in reverse Fowler’s for two hours. 
The bed was then leveled. Six hours after the 
operation she went into collapse. Her condition 
closely resembled an acute intra-abdominal 
hemorrhage except that there was no reduction 
in the hemoglobin and that the abdomen 
showed no irritation of any kind. This patient 
received the usual stimulation, clysis of saline 
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and glucose with very strenous stimulation by 
digitalis, adrenaline, etc. She was very ill for 
about forty-eight hours and then made an 
uneventful recovery. There were 2 cases 
similiar to this that occurred in another hospi- 
tal which I should like to include here. 


CasE 1. Patient operated on for the 
removal of the prostate. His blood pressure was 
190/100. The first stage was performed under 
local anesthesia and the second stage under 
low spinal. The injection was given at the level 
between the third and fourth lumbar vertebra, 
120 mg. of novocaine inserted in the spinal 
canal with barbotage plus novocaine-ephedrine 
for skin. The operation was completed without 
any difficulty whatsoever. The patient left the 
operating table fifteen minutes after the opera- 
tion had begun in excellent condition. He was 
returned to bed and placed in reverse Fowler’s 
position for two hours at the end of which time 
the bed was again leveled. At eight o’clock 
that evening seven hours after the injection 
of the spinal anesthesia the patient went into a 
definite circulatory collapse. During this col- 
lapse he presented all the symptoms of severe 
secondary hemorrhage. The wound was care- 
fully examined but no bleeding was discovered 
and hemoglobin estimates made every hour 
showed no change. The patient responded to 
stimulation and after about five hours his 
blood pressure rose to 90 mm. of mercury and 
stayed there until about eight o’clock the next 
morning when the patient again went into a 
circulatory collapse and died. 


Case ur. Mrs. B. B. The patient was 
admitted to the hospital in apparently good 
condition. Her blood pressure was 120/80 and 
the patient had multiple fibroids of the uterus. 
One hundred and twenty milligrams of novo- 
caine were injected at the level of the second 
lumbar vertebra with barbotage, novocaine- 
ephederine for skin. The patient was placed in 
Trendelenburg position and the operation 
performed without difficulty and no apparent 
ill effects. The patient left the operating room 
table forty-five minutes after the spinal anes- 
thesia was given. She was placed in reverse 
Fowler’s for two hours and then the bed was 
leveled. About five hours after the operation 
the patient went into a condition of circulatory 
collapse. She gave every symptom of a severe 
secondary hemorrhage except that there was 
no drop in the hemoglobin. The patient was 
given the usual stimulants, adrenalin, clysis, 
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glucose intravenously, etc., but she was unable 
to overcome the collapse and died twenty-four 
hours after the operation. 


This brings us to a very important topic 
for discussion and that is what is the effect, 
immediate and remote, of spinal anesthesia 
on the circulatory system? We know that 
spinal anesthesia causes a dilatation of the 
splanchnic vessels with a possible diminu- 
tion of circulating blood volume and a 
general reduction in the blood pressure. To 
compensate for this other blood vessels 
contract and the heart becomes more rapid. 

It has long been contended by a great 
many men that spinal anesthesia is the 
anesthesia of choice in all cardiac cases and 
in individuals with hypertension. I cannot 
subscribe to this idea in its entirety. The 
objection to inhalation anesthetics, gas or 
ether, is that they cause a sudden rise in 
the blood pressure and the demands on the 
cardiovascular system for readjustment are 
too great. How do these demands differ in 
spinal anesthesias? Here instead of a 
rise in pressure we have a marked and 
sudden drop during the anesthesia. The 
readjustment required during the anes- 
thesia and after the anesthetic agent wears 
off may well exceed the capacity of the 
circulatory apparatus in patients with 
hypertension or heart disease. 

Labat in his recent article asks “why 
should we be afraid of the presence of the 
low blood pressure since we are certain that 
when a patient dies it is not from low blood 
pressure but from anemia of the brain?” 
This may be quite true although our 3 
fatalities do not bear this out, but is it not 
the sudden drop in pressure which causes 
the anemia of the brain resulting in the 
fatalities that occur while the patient is 
still on the operating table? May not the 
circulatory demands produced by the 
prolonged vasodilatation in the splanchnic 
area result in a fatigue in the vascular 
system in susceptible individuals account- 
ing for some of our cases of late circulatory 
collapse after spinal anesthesia? 

The fact remains that six or eight hours 
after the anesthesia some of these patients 
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do develop a cardiovascular collapse re- 
sembling shock after spinal as well as after 
general anesthesia. I regret my inability to 
make a complete report on this type of 
case. We are at the present time studying 
a series of spinal anesthesia cases with the 
electrocardiograph; taking tracing before, 
during and after the operation. Another 
study that should prove of great assistance 
in formulating a conception of the circu- 
latory disturbances in spinal anesthesia 
would be the blood volume determination 
before, during and after the injection of a 
spinal anesthetic. 


CONCLUSIONS 


1. There is no question that spinal anes- 
thesia has its place in surgery. There is no 
question that spinal anesthesia should be 
used in surgery in certain definite cases 
when indicated. But, we do not feel that 
spinal anesthesia should be the anesthesia 
of choice as a routine method of anesthesia 
in all cases on any large surgical service. 

2. We feel that spinal anesthesia should 
not be given by an interne or by anyone 
other than a physician anesthetist whose 
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sole object is to train himself thoroughly in 
the use of the various anesthetic agents. 
By placing spinal anesthesia in the hands 
of such an individual you are assured that 
the proper amount of attention will be 
given to the minor details which go so far 
and do so much toward making spinal 
anesthesia a success. 

3. We feel that 200 mg. of novocaine 
should not be used as a routine in all cases 
and we have discontinued the practise at 
Harlem Hospital. The dosage should be 
varied according to the patient, his tem- 
perament, his weight, the type of operation 
and the operator. 

4. The use of barbotage to the extent of 
10 c.c. is contraindicated as a routine. 

5. We do not feel that spinal anesthesia 
is the anesthesia of choice in operations 
above the diaphragm. In upper abdominal 
conditions spinal anesthesia gives excellent 
relaxation, but we must expect to occasion- 
ally obtain some effects we do not desire. 

In low abdominal operations lasting a 
long time a large dose (200 mg.) of novo- 
caine is indicated without barbotage and 
dissolved in 5 c.c. of spinal fluid. 


DISCUSSION OF PAPERS BY DRS. SAKLAD AND FALK 


Dr. Gaston Laat: It was very gratifying 
to me to hear all that has been said concerning 
spinal anesthesia, a method which in the past 
has given so many bad results. At one time, 
confidence had been restored in the method; 
but the simplicity of its technique rendered it 
so popular that its wholesale use became the 
order of the day. The disastrous results which 
have been reported within the last few years 
have greatly shaken this confidence. 

The various solutions advocated at the time 
and which have almost returned to favor will 
always give bad results, for the good reason 
that the action of solutions of various specific 
gravities which are introduced into the sub- 
arachnoid space cannot be considered on the 
same basis as identical solutions placed in test 
tubes. 

In order to produce anesthesia there must 
be some physiological or chemical reaction with 
the nerve substance or with the living tissues 
surrounding it; conductivity must be abolished 
from the periphery to the central system, or 


the reflex arc must be broken. Spinal anesthesia 
induced by injection of the anesthetic drug 
alone, a simple drug, dissolved in the patient’s 
own cerebrospinal fluid is, to my mind, the 
best technique. 

It is impossible to prevent the fall of the 
blood pressure, a condition which I have called 
circulatory disturbances. The blood pressure 
will always be lowered following the injection 
of an anesthetic drug into the subarachnoid 
space, particularly if the anesthetic solution 
injected has reached a certain number of vaso- 
constrictor fibers involved in the sympathetic 
elements supplying the splanchnic area. There 
will always be a drop in blood pressure, until 
we find a drug which is capable of acting on the 
sympathetic system alone, as a mordant, pre- 
venting the anesthetic drug from inhibiting its 
fibers. Thus the drug would be free to act on 
the sensory and motor roots alone. Lowering 
of blood pressure is not only caused by the 
relaxation of the splanchnic blood vessels, but 
is a result of muscular relaxation. All blood 
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vessels in the economy with the exception of 
those of the brain are supported by muscles 
and aponeurosis. When these muscles become 
relaxed the blood vessels are bound to relax. 
The blood vessels relax, therefore, not only 
because they lack the control of the sym- 
pathetic system, but because they lack their 
usual supporting muscles. The muscles are in a 
state of complete relaxation, as a result not 
only of the action of the drug on the motor 
nerves, but of a break in the circuit or reflex 
are. 

Deaths have been reported, it is true. I 
have already said elsewhere what I had to say 
concerning ephedrine. It is useless for me to 
repeat it tonight, except to say that the princi- 
pal action of ephedrine is to cause considerable 
depression and circulatory collapse after stimu- 
lating for a relatively short period of time. 
When the depression comes death may be near. 
This may perhaps explain many of the deaths 
that have happened. If a patient receives a 
spinal anesthesia and is placed immediately 
in the Trendelenburg position, and if that posi- 
tion is maintained during the entire operation, 
the time of the transfer of the patient from the 
operating table to his bed, and for three hours 
at least after the patient has been placed in bed, 
I see no reason why death should occur. | 
have had none up to now and I hope that I 
will not have any. I have given spinal an- 
esthesias to many bad surgical risks. 

In trying to compare the circulatory condi- 
tion observed during spinal anesthesia to that 
associated with shock, I shall simply quote the 
following example. A few years ago I was 
called by Dr. Arthur Wright at St. Vincent’s 
Hospital. There, was a young man who had had 
an accident. He had been run over by a train 
in the subway. He was an out-of-town boy, 
under age and the hospital waited for the 
usual consent. The accident had happened at 
seven o'clock in the evening and at three 
o’clock we started operating on him. He had 
been unconscious since his arrival in the hospi- 
tal and when he was brought to the operating 
room he was still unconscious. Ten minutes 
after the spinal anesthesia had been administer- 
ed he regained consciousness and talked to us 
on the operating table while his leg was being 
amputated. This is, I believe, sufficient 
evidence that shock, at least traumatic shock, 
Is quite different from the circulatory condition 
associated with spinal anesthesia. As soon as 
the effects of the trauma on his central nervous 
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system disappeared by the blocking of the 
nerves as the result of a spinal injection, the 
inhibition caused by the shock disappeared 
and the boy spontaneously, on the operating 
table regained consciousness and told us the 
whole story of his accident. 

It seems to me, as Dr. Falk said, that in the 
last few years spinal anesthesia having become 
very popular we are placing it in the hands of 
inexperienced men, and we are trying to make 
it a routine procedure, and Dr. Falk has been 
trying also to use a routine dose, viz., 200 mg. 
in every adult. He was right in concluding that 
200 mg. are too much. I| have given 200 mg. 
only twice in my career. | think 150 mg. are 
all that is necessary for any operation below 
the diaphragm. This is the average dose. The 
use of 100 mg. is recommended for operations 
lasting half an hour. We should try to place 
the method in the hands of those who know 
something about it. 

Dr. Hypporytre M. WeErTHEIM: Spinal 
anesthesia has come to the front: I feel that it 
is being used promiscuously. I have said it 
before and I again take this opportunity to 
repeat it. Spinal anesthesia or analgesia, as it 
should be rightly called, is being used where 
sacral anesthesia and paravertebral anesthesia 
should be employed. Any man using spinal 
anesthesia for hemorrhoids or in-growing toe- 
nails and things of that type, is really performing 
a criminal act in surgery. We owe it to the 
patient to be honest with him. It is known that 
spinal analgesia has associated fatalities. In 
spite of what everybody else, or any one else 
may say, fatalities do occur in the simplest 
types of techniques, and those fatalities are 
inexplicable, as a rule. 

I do say that the simplest technique is the 
best. There is no question but that neocaine 
or novocaine plus a simple Labat technique is 
the safest procedure. But still, in offering 
anesthesia to a patient, one must be very 
careful. In your case indicates a general anes- 
thesia, by all means use general anesthesia. 
If novocaine anesthesia is indicated use that. 
Along these lines, may I say that it is for the 
anesthetist to decide whether a general an- 
esthesia, spinal or field block should be given. 
It is up to the anesthetists to train themselves 
in each field of anesthesia. 

Until recently, there were many surgeons 
doing field blocks and spinal anesthesia, and 
calling a man in to give a spinal only when he 
thought it was necessary. I do not think the 
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surgeon is absolutely qualified to judge whether 
or not a simple case should have gas, oxygen, 
local or field block anesthesia. 

I take this opportunity once again to invite 
general anesthetists to become more interested 
in this work, because spinal anesthesia and 
novocaine anesthesia are certainly making 
rapid advances. The surgeons are gradually 
losing their hold on the entire subject. This is 
an appeal for anesthetists to become interested 
in this work and help further the studies in 
spinal and field block anesthesia. 

Dr. Simon D. Enrticu: One subject that 
impressed me in Dr. Falk’s paper was the 
question of the individual susceptibility. That 
is something that has been going on in my 
mind. The more I give spinal anesthesia, the 
more I feel that this is an unknown quantity. 
We do not know which patients are susceptible 
to novocaine. We know that it has happened, 
that a little novocaine solution injected into 
the tonsillar pillars has caused death. I think 
that this idiosyncrasy accounts for some of the 
deaths under spinal anesthesia. The more I see 
of it, the more do I feel that there is a distinct 
mortality to spinal anesthesia; and it does not 
make any difference whether you use neocaine 
or any of the other preparations. Many who 
use neocaine, and according to the technique of 
Dr. Labat, have had fatalities. In other words, 
there is something more to it than the question 
of technique, or the drug used. Men who do 
100 cases Or 500 cases may escape a mortality. 
The men who give thousands of spinal anes- 
thesias are going to get mortalities. The more 
you do, the more you are likely to strike the 
patient that is susceptible. 

Dr. WinFIELD S. Pucu: About a year ago 
the head of a large institution came to me and 
said, ‘“‘Pugh, unquestionably you have about 
the poorest class of risks in the hospital. Are 
you satisfied with your mortality rate?” 

We said, of course, we were not, He said, 

“What do you use for anesthesia?”’ 

We said, “‘ Either block or spinal anesthesia.” 

He said, ‘‘Why don’t you try some ephedrine 
with it?” 

So in a series of 50 urological cases in which 
we used spinal anesthesia we tried ephedrine. 
In not a single one of these cases did we notice 
any improvement whatever. We had our falling 
blood pressure just as we had without it. In 
fact, in some of the cases we seemed to think 
it was intensified. 

There was another point too. One or two 
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of these patients cases were thought to be 
doing poorly after spinal anesthesia, and they 
were given intravenous infusions, with unsatis- 
factory results. 

Dr. Saklad spoke of spinocaine. We had been 
trying spinal anesthesia in nephrectomy, and 
in all kidney operations, and I regret to say 
our results were not satisfactory. We did not 
get the proper degree of anesthesia. In fact, 
we did not think we got the anesthesia we did 
with paravertebral. I had given up paraverte- 
bral because I thought it was a pretty big 
operation in itself. We tried spinocaine and we 
got no greater diffusion with it than we did 
with the straight novocaine. I believe the 
agitation regarding spinocaine is based on a 
false conception of diffusion, and think the 
physiological action is very much different 
from what we generally anticipate, or what its 
sponsors anticipate. 

When spinal anesthesia was first introduced 
a number of years ago, during my interneship 
days we had five straight fatalities following 
spinal anesthesia, and 1 case of a paraplegia 
which took about six months to clear up. As 
the result of this, all activities in spinal anes- 
thesia were stopped, and I must say that I 
heard very little of the fatalities from spinal 
anesthesia until very recently. One or two 
of our members like Dr. Falk have had the 
courage to report them. 

Dr. Louis Asetson: Dr. Falk’s paper 
shows a definite attempt to be honest in 
appraising spinal anesthesia. There is one 
fatality that came to my attention which I 
believe I ought to mention. A woman about 
sixty years of age was rushed into the hospital 
with diagnosis of acute gall bladder. She was 
placed on the table two hours later and I gave 
her 150 mg. of neocaine in the second and third 
lumbar interspace and placed her in the 
Trendelenburg position immediately after. 
The surgeon made his incision as soon as the 
anesthesia was well established. As the gall 
bladder was exposed she complained of respir- 
atory difficulty and expired. Measures for 
resuscitation and artificial respiration were 
unsuccessful. 

The body was sent to Bellevue at the instance 
of the medical examiner. We received an 
autopsy report of a large cardiac infarct and a 
coronary thrombosis. I make mention of this 
case so as to stress definite pathology in a 
spinal death. Another point I would like to 
stress is that I have yet to see a spinal death 
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in any case for surgery which might not have 
resulted if a general anesthetic had been 
administered. 

Dr. Fark: I am afraid Dr. Saklad did not 
quite understand the question. I did not raise 
the question of the advantages of spinal over a 
general anesthetic in a hypertension case. The 
question its: Shall we regard spinal anesthesia 
as the ideal anesthetic in a hypertension case? 
So many men advocate it. So many men state 
that in a patient with hypertension plus let us 
say a gall bladder, give spinal anesthesia. 
We have not found this to be so. We have had a 
mortality from our hypertension plus gall 
bladder cases with spinal anesthesia where 
we feel that the death was due to a cardio- 
vascular collapse. We cannot help but feel 
that the spinal anesthesia was as much respon- 
sible for that cardiovascular collapse as if the 
patient had received a general anesthetic. I 
was very careful in the list of my fatalities 
from spinal not to include cases where the 
cause might be questioned. 

We had three other fatalities which I did 
not include. One was a patient having a ventral 
hernia with strangulation and obstruction of 
four days’ duration. She died on the table 
thirty minutes after the spinal was given when 
the obstruction had already been released. | 
felt that this was probably an embolic and not 
spinal death. 

The second case was almost identical except 
that an autopsy was obtained and the embolus 
verified. 

The third case was also intestinal obstruc- 
tion. This patient died as do patients from 
general anesthesia. The patient on being placed 
in the Trendelenburg position vomits tremen- 
dous amounts of fluid and practically drowns 
himself. 

The three deaths I reported in the paper 
were cases which we classified as operations 
of choice in good surgical risks. Two of them 
were gynecological cases, the third was a 
decapsulation of the lung. The deaths all 
occurred within twenty minutes of the giving 
of the spinal and before any operative proce- 
dure had been begun. All the cases were autop- 
sied and nothing found. I feel that spinal must 
be held responsible for these deaths. 

Dr. JHEINS AMSTER.—It is only in recent 
years that our interest in intraspinal black 
has been revived. Its value as a life-saving 
measure in abdominal surgery has been called 
to our attention by men who have had vast 
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experimental and clinical experience with this 
method. 

This valuable aid now gives us an oppor- 
tunity of operating on a class of patients who 
have heretofore been considered hopeless 
surgical risks on account of the additional 
danger of general anesthesia. 

The popularity of this procedure is due in a 
large measure to the introduction of the Labat 
technique which is simple, to the choice of an 
anesthetic agent, namely neocaine or novo- 
caine, which is safe, and to end-results that are 
far more satisfactory and successful, than those 
obtained with inhalation narcosis. 

The modern use of spinal anesthesia not 
only improves the operability, but it shortens 
the convalescing period, and reduces the mor- 
tality rate of the aged and the poor risk, who 
must undergo surgical intervention. 

Until recently, there were definite obstacles 
in the way of making intraspinal block a safe 
method for abdominal operations, but since 
the introduction of the Labat technique, many 
of the objectionable features of the old spinal 
procedure have been removed. 

My experience with spinal anesthesia dates 
back to 1905 when I began to use cocaine, then 
eucaine and later on stovaine intraspinally, in 
operations upon poor surgical risks. 

I realize now, how crude and how dangerous 
this procedure was, as compared with the more 
modern method of spinal anesthesia. We 
encountered numerous accidents and a few 
fatalities with the old method, which were 
attributed to poor technique and to the deleteri- 
ous action of these anesthetic agents and we 
therefore abandoned this method. 

In the early part of 1922 I became intensely 
interested in the spinal technique as devised 
by Dr. Labat and I have used this method in 
1000 operations up to July, 1928 with gratifying 
results. This group includes practically every 
type of operation on the gastrointestinal and 
biliary tracts and genitourinary and female 
generative organs. Hernioplastics and opera- 
tions on the lower extremities are included in 
this series. 

These cases with few exceptions were con- 
sidered poor of unfavorable risks resulting from 
old age or some organic disease. Some of them 
had diabetis, nephritis, bronchitis, emphysema, 
pulmonary tuberculosis, pneumonia, pleurisy, 
influenza, cardiac disease, cirrhosis, of the 
liver, advanced arteriosclerosis, measles, whoop- 
ing cough, carcinoma of the abdominal organs, 
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etc. Others showed evidences of extreme 
anemia, cachexia, inanition, disturbed metab- 
olism, advanced dehydration, acidosis, aceto- 
nuria, uremia etc. 

This series in reality comprises 1189 instead 
of 1000 operations, as in numerous instances two 
or more operations were performed on the same 
patient at one sitting. Neocaine or novocaine 
was used and the Labat technique was employed. 

The oldest patient was eighty-eight years 
and the youngest four years of age. Twenty- 
seven patients were considered hopelessly 
inoperable by surgeons who were accustomed 
to operate exclusively under general anesthesia. 
Twelve of this group were almost moribund 
when we operated, yet with the use of intra- 
spinal block a favorable prognosis was made 
possible in 8 cases. Three hundred forty-six of 
this series were emergency operations. 

Perfect anesthesia was obtained in 954 cases 
with 46 partial or complete failures. Nearly all 
of our failures occurred during our early 
experience with this method. We attributed 33 
poor results to apprehension and unwillingness 
of patients to cooperate. Eight failures were due 
to faulty technique and in the remaining 5 
cases the drug was found to be inert. 

In 13 prolonged operations, abdominal field 
block supplemented spinal anesthesia and in 22 
instances it was necessary to resort to general 
anesthesia after the effects of the spinal anes- 
thesia had worn off. (We are now using larger 
doses of neocaine and the anesthetic time is 
more prolonged.) In 21 cases we found it rather 
difficult to enter the subarachnoid space on 
account of obliteration of landmarks. 

Ephederin was employed in 75 operations— 
Only momentary or transitory changes in 
blood pressure were noted in 17 cases and in the 
remaining cases no material rise in pressure 
was noticed, 

Occipital headaches and stiffness of the 
posterior group of neck muscles were present 
in 59 cases. Headaches have since been largely 
overcome by boiling the syringe and needles 
in distilled water instead of tap water. 

Tactile sensation was sometimes retained 
and some patients felt a pulling sensation which 
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they apparently misinterpreted in their minds 
as pain. 

We found that with high spinal there was 
anesthesia of the lower intercostal muscles 
and the diaphragm was therefore called upon 
to do extra work resulting in difficulty in 
breathing. 

There were 29 deaths. None of the deaths 
could be traced directly to spinal anesthesia. 

Advantages: The patient is conscious and 
there is no danger of aspirating mucus or other 
irritating substances into the trachea or bron- 
chial tubes which sometimes occurs with 
general anesthesia resulting in pneumonia 
or lung abscess. 

Anesthesia of the abdomen and lower extrem- 
ities occurs almost instantly. Complete ab- 
dominal relaxation is afforded. Contraction 
and collapse of the intestines are present thus 
allowing thorough abdominal exploration. 

Bleeding is diminished or absent. Operative 
shock is reduced to a minimum. Fluids are 
usually given before, during and immediately 
after operation, which tend to alleviate thirst 
and prevent acidosis. 

Postoperative nausea, vomiting and ab- 
dominal distention are uncommon. Hepatic 
and kidney insufficiency and cardiac failure 
are not likely to occur. 

The surgeon operating under spinal anes- 
thesia realizes that the anesthetic time of 
novocaine is limited, and he therefore does not 
waste any valuable time. In short, he endeavors 
to exercise a sense of precision, speed and 
dexterity which tend to minimize the danger 
of surgical shock. 

As for some surgeon’s fear that spinal anes- 
thesia is unsafe and unreliable, it apparently 
has not proved that way in our hands. How- 
ever, we maintain, that intraspinal block in 
inexperienced hands, is a very dangerous 
procedure, and on the contrary, when skillfully 
administered, it is less dangerous and more 
dependable than general anesthesia. 

Spinal anesthesia in our opinion is no longer 
an experiment. Its advantages are self-evident. 
It has already reached a strong hold in surgical 
practice and it apparently is here to stay. 
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EXTRAPLEURAL THORACOPLASTY PERFORMED UNDER 
SPINAL ANESTHESIA* 


RALPH BoERNE BETTMAN, M.D., F.A.C.S., AND Max BIgsENTHAL, M.D. 


CHICAGO, ILL. 


E wish to report 7 cases of extra- 

pleural thoracoplasty performed un- 

der spinal anesthesia. Five of these 
were for pulmonary tuberculosis and 2 for 
lung abscess. 

For several years we have been perform- 
ing our extrapleural thoracoplasties with 
the aid of local infiltration and _ block 
anesthesia or with ethylene. We have 
never been satisfied with either. In stout 
individuals the infiltration is difficult and 
often unsatisfactory. Ethylene anesthesia 
would be ideal if all patients took the 
anesthetic and recovered from it with 
ease, and if it were possible to keep the 
patient “light enough” so that the danger 
of inspiration of mucus from the pharynx 
and mouth were not present. After having 
successfully used spinal anesthesia for 
operations on the upper abdomen in a 
large number of cases in the general 
surgical service of one of us, we decided to 
attempt to use it in chest cases. 

We selected for our first case a young 
adult with a chronic abscess in the upper 
lobe of the left lung, who had just recovered 
from a severe pneumonia. A compression 
of the upper lobe was deemed urgently 
advisable because of hemorrhage. With the 
aid of a novocaine spinal anesthesia large 
sections of the third, fourth, fifth, and sixth 
ribs were removed. The anesthesia was 
excellent and the postoperative course so 
satisfactory that a week later we decided 
to use spinal on another case of lung 
abscess, this time of the lower lobe. Here 
again large portions of the ribs were 
removed amounting to virtually a lower 
stage typical extrapleural thoracoplasty, 
and here again the anesthesia and the post- 
Operative course were as satisfactory as 
our experience in upper abdominal surgery 
had led us to expect. 


Since then we have used spinal anesthesia 
in 5 selected cases of extrapleural thoraco- 
plasty for pulmonary tuberculosis. 

In the first 2 cases we tried it only for 
the first stage of the operation, which 
consisted of the six upper ribs in 1 case 
and the five lowers in the other. In the 
second stage we gave ethylene. These 
patients therefore had an excellent oppor- 
tunity to compare the two anesthetics 
and both were emphatic in their preference 
for the spinal. In both cases the recovery 
following the stage performed under spinal 
anesthesia was much smoother than we 
had ever seen with ethylene. 

In the last 3 cases spinal anesthesia was 
performed for both stages. In one of these 
we did not get a satisfactory loss of sensa- 
tion in the upper part of the wound and 
for the removal of the upper ribs a light 
ethylene anesthesia was given. 

Whether or not the failure to obtain 
satisfactory anesthesia in the upper part 
of the chest cavity was due to faulty 
technique or to an over cautiousness in 
not increasing the dose of novocaine re- 
mains to be seen. We will admit for the 
present that we prefer to use the technique 
as hereafter outlined even if in an occa- 
sional case a small amount of ethylene 
must be given. 

We usually perform the second stage 
ten to fourteen days after the first stage. 
We have noted no ill effects from the re- 
peated use of a novocaine spinal anesthesia. 
In our general surgery we have at times 
repeated a spinal anesthetic within five 
days and many authors have reported 
cases in which for one reason or another a 
second spinal anesthesia was given within 
twenty-four hours of the first. 

Our technique varies from that used for 
abdominal operations in only a few points. 


* Submitted for publication December 29, 1930. 
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We perform our spinal punctures in the 
usual site, that is between the third and 
fourth lumbar vertebrae. We use a small 
bore needle and allow the fluid to drop out 
slowly catching it in a sterile beaker. 
When the desired amount has been ob- 
tained, the novocaine crystals are dissolved 
in it and the solution is slowly re-injected 
into the spinal canal. 

In small individuals and for the lower 
ribs 200 or 250 mg. dissolved in 6 c.c. of 
spinal fluid suffice; in larger individuals and 
for the upper ribs 8 c.c. of spinal fluid are 
withdrawn and 250 mg. of novocaine used. 

The injection is made with the patient 
lying on the side to be operated upon 
and the back curved outwards so as to 
spread the spines of the vertebrae. After 
the injection the table is slightly tilted so 
as to lower the shoulders; the head itself 
is rested on a pillow. The patient is 
turned on his back and is tested from time 
to time for the loss of cutaneous sensation. 
When the anesthesia has reached the de- 
sired height, the patient is turned over so 
that he lies flat on his stomach, his fore- 
head resting on a soft pillow and the arm 
on the side to be operated upon hanging 
over the edge of the table supported in a 
sling; a small pillow is usually placed under 
the abdomen. 

This incidently is the position we used 
long before we ever thought of spinal 
anesthesia. 
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An intramuscular injection of ephedrine 
is always given just before making the 
spinal puncture. Blood pressure readings 
are made every few minutes during the 
operation and the pressure is controlled 
either by still further lowering the head 
of the table or by intramuscular injection 
of ephedrine. On the whole, we agree with 
H. Koster and L. P. Kasman! that the 
condition of the patient is much more 
important than the blood pressure readings 
and that as a rule lowering the head of 
the table so that sufficient blood will 
gravitate from the relaxed abdominal 
veins to the heart is all that is necessary 
to counteract any pressure changes. In 
chest operations, with the patient lying 
on his abdomen, the dilatation of the 
splanchnic veins Is a more serious matter, 
but as I said we have had no trouble in 
controlling the blood pressure with the 
combined aid of gravity and ephedrine. 

We realize that this is a small series 
of cases but our experience with spinal 
anesthesia in these cases was so gratifying 
from the standpoint of both the patient 
and ourselves that we feel that this type 
of anesthetic has a great deal to offer in 
well selected cases.” 

1 Surg. Gynec. Obst., 49: 617-630, 1929. 

2Since submitting this paper for publication we 
have had 3 more cases of extrapleural thoracoplasty 
for pulmonary tuberculosis under spinal anesthesia, 
in all 3 the spinal anesthesia being adequate for the 
upper as well as the lower ribs. 
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COMBINED NOVOCAINE-NUPERCAINE 
SPINAL ANESTHESIA* 


Froyp T. ROMBERGER, M.D. 


LAFAYETTE, IND. 


FTER an intensive study and exten- 
sive clinical trial of the several 
different techniques of inducing 

subarachnoid block, one is quite apt to 
become acquainted with the possibilities 
and limitations of the many novocaine 
preparations now in common use for 
spinal anesthesia for major, general surgery. 
In consequence it can be said, without 
fear of contradiction, that the most trying 
problem encountered, no matter what 
agent or method is used, is to produce an 
anesthesia which lasts long enough for the 
occasional operator who takes a consider- 
able time for his surgery, or for the fast 
and skilled surgeon when he operates on 
that infrequent patient who, from the 
nature of the surgical difficulties presented, 
requires prolonged anesthesia, i.e., anes- 
thesia which should last up to or in excess 
of two hours. It is easy to show that this is 
not a difficulty experienced by any one 
particular anesthetist, as the following 
quotations, taken verbatim from the litera- 
ture, will prove. 

Rankin and McCuskey" state: 

In a series of 325 operations on the colon 
or sigmoid for colostomy, ileocolostomy, or 
anterior resection—in 12 per cent it was 
necessary to use some form of general anesthe- 
tic either because the spinal anesthetic failed 
or because the anesthetic did not last until the 
completion of the operation. 


Evans‘ says: “There is a definite limit 
to the duration of spinal anesthesia. 
Operations requiring time greater than 
this limit must either be started or finished 
under general anesthesia.”” Labat'* writes: 
“The duration varies from forty-five 
minutes to one and a half hours.” 

There is nothing quite so embarrassing 
or quite so disappointing to both the sur- 
geon and the anesthetist, neither is there 
anything quite so difficult to explain to 


the patient, nor can there be anything 
quite so certain to bring odium down upon 
spinal anesthesia from both the general 
medical profession and the laity itself, than 
the factor of failure to produce anesthesia 
long enough for the operation at hand. This 
is true because those who would condemn 
spinal anesthesia on account of its previous 
limitations, have but little comprehension 
of the difficulties involved and are ignorant 
of the restrictions often encountered with 
the heretofore known drugs and methods. 
Through intensive personal experience, 
by close study, and by the keeping of 
exceedingly accurate records of every 
clinical case in which the different modern 
forms of spinal anesthesia were exemplified, 
an effort was made to solve this problem, in 
the past, by variations in technique so that 
large doses of novocaine in exceedingly small 
concentrations of solvent were employed; 
and, using either spinocaine, gravocaine, 
novocaine, or neocaine, with this small- 
volume, high-concentration technique, it 
has been possible to guarantee to the 
surgeon an anesthesia for a period of time 
up to one and a half hours. This has been 
reported in the literature.’ However, 
beyond such limits, it was deemed that 
even a skilled anesthetist would be in- 
viting trouble by subjecting the patient to 
an anesthetic hazard altogether out of 
proportion to the surgical risk, despite the 
undeniable fact that occasionally surgery 
will last up to two hours or longer. 
Consequently, when the first accounts 
on the use of nupercaine (percaine) began 
to appear, the employment of this drug in 
subarachnoid block was followed with 
intense interest, because of the striking 
feature, reported from different sources, 
that such spinal anesthesias lasted a long 
time, from a few hours up to as many as 
nine or ten hours. Also prominent among 


* Submitted for publication January 5, 1931. 
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the concomitant factors discussed, was 
the item that while the anesthesia seemed 


to take a somewhat more lengthy period of 


time to become effective, yet good anes- 
thesia apparently was being obtained by 
relatively small doses of the drug, such as 
5, 10, and up to 15 mg. 

During the past year, notably in the 
foreign literature, the references to nuper- 
caine (percaine) have been plentiful; and, 
while it is true that many of these seemed 
complicated and contradictory, yet, with 
all the chaff, it seemed possible to winnow 
out a basis for constructive theorizing 
and subsequent clinical trial. 

It is not the province of this thesis to 
dwell upon the chemical structure and 
toxicity of nupercaine; as, for these facts, 
the reader is referred to publications in 
the recent literature. Suffice it to mention 
that nupercaine is a quinoline derivative 
and hence related to quinine, that it 
is ten times more effective than cocaine 
and twenty times more powerful than 
novocaine. Therefore, it may and should be 
used in very small doses. Also, it must be 
prepared in acidulated buffered solution 
to prevent precipitation within the spinal 
canal. 

In order to explain the basis upon 
which the theory of the effectiveness to 
be derived from a combination of novocaine 
and nupercaine was established, quotations 
from the literature are of interest. Quarella™ 
states: ““We have used nupercaine in doses 
of 5 to 15 mg.; collapse symptoms have 
never been observed.” Konrad‘? writes: 
“Using 8 mg. doses, the anesthesia aver- 
aged four hours and thirty-six minutes. 
Anesthesia occurred slowly. Disappearance 
of true anesthesia was followed by a 
condition of strongly diminished suscepti- 
bility to pain, eight to ten hours.” Ziegner®° 
has written, after performing numerous 
operations on the lower half of the body: 


Never have gone above 10 mg., usually 
only 8 mg. Collapse is due to the fact that 
nupercaine is lighter than spinal fluid and 
ascends to thoracic cord. Frankly, the ideal 
sought for has not been attained. Collapse 
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limited by not going over 8 mg. and limiting 
ourselves to lower half of body. 

Steinbruck”™ says: “Using 1.5 c.c. I per 
cent nupercaine had anesthesia, in differ- 
ent cases, five and a fourth hours, five 
hours, six and a half hours.” He also 
speaks of collapse and severe emesis, 
and states that he had mild to severe 
symptoms of collapse in 6 out of 12 cases. 
Christ* writes: “4 c.c. of 1 to 1000 solution 
gives anesthesia six to ten hours.” Hen- 
schen’ states: “0.5 c.c. 1 per cent solution, 
anesthesia to umbilicus lasting six to ten 
hours. Nupercainismus manifested by som- 
nolence, persisting several days.” Flércken’ 
says: “4 c.c. of 1 to 1000 solution, anes- 
thesia was not satisfactory. The correct 
dosage for spinal anesthesia must yet be 
determined.” Keys" states: “‘ Anesthesia 
perfect in 36 out of 46 cases. Now using 
2 c.c. of 1 to 200 solution. No intoxication.” 
His cases were all kidney, bladder, and 
urologic in character and the duration 
varied from one and a half to twelve hours. 
He also says: ‘Minimal reported lethal 
dose g0 mg.”’ Lake’ writes: ““The anes- 
thesia takes somewhat longer to develop 
than that with novocaine, but the rate 
varies, of course, with the concentration 
employed. It may last up to six hours, 
again depending on the dose and concen- 
tration.” Jones’ reports: “Dorsal roots 
must be well soaked after the injection 
by placing the patient on his face.” He 
recommends this for five minutes after 
making the injection. 

From these excerpts it was thought 
possible to make certain tentative deduc- 
tions. First, it appeared that while the 
anesthesia might be slow in becoming 
effective, especially with the small doses 
of 5 to 714 mg., yet once it became estab- 
lished, the anesthesia appeared to last 
upwards of four to six hours. Secondly, 
Ziegner” and Jones’? made rather parallel 
observations with reference to the lightness 
in specific gravity of the nupercaine solu- 
tion, in that they refer to the necessity of 
soaking the dorsal roots. It appeared 
probable, therefore, that if a preparation of 
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nupercaine could be made which was some- 
what heavier in specific gravity than is 
spinal fluid, that the previously mentioned 
objectionable feature would be overcome 
and that particular problem solved. This 
is readily understood by those familiar 
with the action of, and anesthesia produced 
by, such solutions in the subarachnoid 
space. Thirdly, it seemed that if some 
mixture or combination of nupercaine with 
other drugs were possible, so that the 
anesthesia would be very rapid or almost 
instantaneous in coming on, and if this 
mixture or combination of drugs in solution 
had certain inherent elements of control, 
so that the anesthetist could tell how it 
would behave within the spinal canal, and, 
finally, if the mixture still remained within 
the limits of toxicity, then it appeared 
probable that an anesthetic solution would 
be had which would be almost ideal for 
prolonged surgery, whatever the character 
of the operation might be. 

Following the preliminary premises, the- 
orizing was done. As is well known to all 
spinal anesthetists, novocaine (neocaine), 
when dissolved in spinal fluid and rein- 
jected into the spinal canal, produces 
almost instant radicular block; it seemed 
then as though novocaine was the logical 
drug to add to nupercaine in order to pro- 
duce the quick and early anesthesia which 
is so lacking when nupercaine alone is used, 
thus having a solution or mixture in which 
the novocaine would give the quick and 
early anesthesia while the lasting qualities 
of the anesthesia would be maintained by 
the more slowly acting nupercaine. A few 
simple experiments were sufficient to show 
that movocaine, in almost any reasonable 
amount, when dissolved in buffered 0.5 
per cent or I per cent nupercaine solutions, 
would not precipitate either the novocaine 
or the nupercaine; and, hence, it was 
reasoned that they were compatible. Also, 
previous experience with novocaine dis- 
solved in spinal fluid, especially when the 
concentration was high, such as 200 to 300 
mg. of novocaine dissolved in 11% to 2 c.c. 
of spinal fluid, showed that the resultant 
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solution was higher in specific gravity 
(heavier) than spinal fluid, the specific 
gravity of spinal fluid being 1.007, and 
that of a mixture of 10 per cent novocaine 
dissolved in spinal fluid being 1.025. Con- 
sequently, when to buffered nupercaine 
solution is added suflicient novocaine to 
make a 10 per cent novocaine mixture, the 
resultant solution has a specific gravity of 
approximately 1.018. These factors then 
give a novocaine-nupercaine mixture which 
is slightly heavier in specific gravity than ts 
spinal fluid, and thus it is possible to over- 
come the objectionable qualities which 
Ziegner®> thought produced collapse in his 
patients by producing predominatingly 
anterior root block; also, such solution is 
readily controllable within the spinal canal 
and affects the posterior roots more than 
the anterior, preventing the symptoms 
concerning which he wrote. It does away, 
too, with the necessity, described by Jones, 
of turning the patient on the face for five 
minutes after the injection in order to soak 
the dorsal roots. Still further, when used 
in small volumes, not to exceed 2 c.c., and 
when injected slowly, a most pertinent 
element of control as to the extent of the 
anesthesia on the surface of the body 
resides in so tilting the table that the 
patient’s head and shoulders are slightly 
higher than the lumbar region of the cord. 
Finally, it was thought that in this com- 
bination one could do away with the large 
doses of novocaine, such as 300 mg., since 
it is well established that, "under proper 
technique, 150 to 200 mg. of novocaine 
when dissolved in spinal fluid will produce 
anesthesia to the nipple line; and, at the 
same time, it was felt that the smaller and 
less prohibitive doses of nupercaine, such 
as 5 to 7.5 mg., could be used; it was hoped 
that the resultant anesthesia still would 
remain effective approximately two and 
one-half hours. All these theories proving 
correct, a solution would be had which 
would be very rapid in the preliminary 
anesthesia, owing to the novocaine action; 
and, since it is well established that this 
novocaine effect would persist for at least 
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forty minutes, then it would not matter 
even if the small dose of nupercaine did 
not take hold for twenty or thirty or more 
minutes. It was only desired that these 
minimum doses of 5 to 7.5 mg. of nuper- 
caine would give a reasonable expectation 
of two and a half to three hours of anes- 
thesia, and this was felt to be all that any 
surgeon could ask or demand. An addi- 
tional aid in this theorizing was the fact 
that, chemically, novocaine and nuper- 
caine are structurally different. 

After the completion of the theory, the 
problem of diffusion and gravitation was 
worked out in an artificial glass spine by 
means of colored solutions. It was found, 
with delight and satisfaction, that the 
mixture behaved exactly as do the con- 
centrated novocaine solutions in spinal 
fluid, and that the same factors of control 
within the spinal canal obtain; namely: 
That the height of anesthesia on the sur- 
face of the body can be governed by the 
following five variables: 
dosage used. (b) Amount of solution rein- 
jected into the spinal canal. (c) Rate or 
force of injection. (d) Location of inter- 
space used, whether Li, Le, Ls, or Ly. (e) 
Plane or position of the table. 

All anesthetists who have a full under- 
standing of the value and use (or abuse) 
of these five variants, readily can see that 
at this point the step to the clinical applica- 
tion of a combined novocaine-nupercaine 
subarachnoid block was easy, reasonable, 
rational, and safe. 

The technique is simple. The patient is 
prepared and spinal tap is made just as in 
any other form of spinal anesthesia. How- 
ever, here too, meticulous attention to 
having exactly the right size and quality 
of syringes and needles, and to the keeping 
of these in perfect condition, pays huge 
dividends of finesse and success. Before 
making the tap, all needles, syringes, 
ampules, etc., having been thoroughly 
sterilized by boiling or autoclaving, the 
anesthetist will have loaded a small Luer- 
Lok syringe with the estimated quantity 
of buffered nupercaine solution in which 


(a) Amount of 
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the required amount of novocaine has 
been dissolved. As soon as the tap is com- 
pleted, the syringe containing the novo- 
caine-nupercaine mixture Is attached to 
the spinal needle, and _ sufficient spinal 
fluid is allowed to flow back into the 
syringe, of the patient’s own intraspinal 
pressure, to bring the total bulk up to 2 
or 2.5 c.c., depending on dosage, height 
of anesthesia desired, interspace used, and 
rate or force of injection, as mentioned in 
the paragraph under variables. Here is 
where judgment is needed. Then the mix- 
ture is injected slowly. The site of puncture 
is covered or sealed; the patient is quietly 
and easily turned on the back; the nurses 
prepare the field; the height of anesthesia 
is tested; head and shoulders are raised 
slightly; the surgeon begins to operate. 
The anesthesia is practically immediate. 
Its height, unless excessive dose of either 
or both drugs has been injected, is con- 
trollable by the degree of Fowler’s used 
until such time as the solution has become 
entirely fixed. It must be remembered 
that, as compared with novocaine, the 
blotting out or fixing of the nupercaine 
element of the solution by the nerve tissues 
will take longer, because the primary 
nupercaine effect is slower in coming on; 
hence the Trendelenburg position must 
not be used too early. 

This method is so much more simple and 
so much more certain than that described 
by Jones’ that there can be no comparison. 
He uses hyperbaric, hypobaric, and isobaric 
solutions of nupercaine and saline, injecting 
as much as 15 c.c. to 18 c.c. of these solu- 
tions under pressure. He speaks of measur- 
ing the length of the spine but says nothing 
about its diameter, which also is known to 
vary. With the method of diffusion and 
gravitation, here described with small-bulk 
injections, a considerably greater degree of 
control is obtained. The rate of diffusion 
is fixed and certain; the gravitation can be 
regulated by the level or plane of the 
spine. 

It easily could be questioned whether 
injecting routinely 15 c.c. to 18 c.c. of 
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solution, as advocated by Jones,’ might 
be dangerous. Sterne?! and Carter? think 
that it readily could. Jones’ himself, states: 
“When pressure is felt a pause is made 
and a pause between each 2 c.c. is, I think, 
good practice.” This would mean nine 
pauses in an 18 c.c. injection. Knowingly 
or not, he is allowing for certain readjust- 
ments to take place. Still further, he appar- 
ently doubts the wisdom of these larger 
volume injections; for, he states later: 
“With practice the smaller volumes are 
becoming more uniformly successful.”’ The 
technique disclosed in this thesis is a very 
small-volume injection. 

There is no effort herein made to teach 
anesthetists how to produce spinal anes- 
thesia by injecting novocaine (neocaine) 
solutions into the subarachnoid space, 
as each anesthetist already is convinced of 
the superiority of bis own technique and its 
adaptability to bis own particular problems. 
It is merely wished to point out that the 
addition of small amounts of buffered 
nupercaine will prolong the anesthesia 
easily up to two and one-half hours and, 
at the same time, it not only permits a 
reduction in the dosage of novocaine used 
but, also, it will give a vastly superior 
anesthesia for prolonged surgery; and, it is 
believed, that this is the first publication 
of a series of combined novocaine-nuper- 
caine anesthesia. 

The doses of nupercaine advised are well 
within the toxic limits of the drug, and the 
collapse and other untoward features 
mentioned by Ziegner®® are not observed. 
It is reasonable to think that some of the 
unsatisfactory results reported in the 
foreign journals are due to too large doses 
and, when the smaller doses were used, to 
not waiting long enough to get sufficient 
anesthesia. The combined method allows 
the surgeon to begin at once under the 
novocaine effect, and gives plenty of time 
for the nupercaine anesthesia to become 
established for the later stages of the 
prolonged surgical procedures. Whether or 
not potentiation occurs, is for future 
experience to disclose. 
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In this combined spinal anesthesia, it 
readily can be observed when the novocaine 
action has become dissipated. For example, 
suppose you have induced this anesthesia 
with the maximum height on the nipple 
line after twenty minutes. At the end of an 
hour you will notice that the anesthesia 
has receded about 1!% to 2 in., say to 
midway between the nipples and the ensi- 
form. This shows that the novocaine has 
worn off. However, the anesthesia will 
remain at that latter point for a total of 
two and a half to three hours. 

Certain other favorable factors with 
combined novocaine-nupercaine anesthesia 
are observed: Properly given, there is 
less nausea or tendency to nausea on the 
table; there is much less postoperative 
discomfort and distress, hence less narcotics 
are needed in the first twenty-four hours; 
there is a lessened incidence of postopera- 
tive catheterization, quite a noticeable 


difference. Many other advantages are 
apparent, too many to cite In a single 


monograph, and correspondence is invited 
from those interested in clearing question- 
able points. It is hoped that other anes- 
thetists will give this method a trial to 
prove or disprove its value. 

At present, nupercaine is supplied in a 
2 c.c. ampule of buffered solution contain- 
ing 10 mg. of nupercaine, a 1-200 mixture. 
It would be particularly advantageous, 
for the long anesthesias, if some manufac- 
turer would provide an ampule with the 
proper novocaine-nupercaine proportions 
mixed and ready for use. Such ampule 
should not be over 2 c.c. in size, as a 
pertinent factor in the successful use of 
this combination is the injection of a 
small bulk of solution. The specific gravity 
of the solution should be raised, by the 
addition of saline, glucose, or some inert 
chemical, to approximately 1.025 or 1.030. 
The solution in the ampule must be boil- 
able, or autoclavable at a pressure of 15 |b. 
and a Fahrenheit temperature of 250°. 

There is no question that this combina- 
tion could be used for shorter anesthesias 
by reducing the nupercaine factor and for 
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still longer anesthesias by increasing it; 
however, safety and everything else con- 
sidered, a certain and positive anesthesia 
lasting up to two and a half to three hours 
is deemed suflicient and ideal. 

This thesis is based on 140 cases, the 
method being used only in those surgeries 
which gave indications of being prolonged, 
other types of spinal anesthesia being used 
for the shorter operations. One hundred 
of these cases were administered by the 
writer and 40 are included from a report 
from Baker,'! to whom this technique was 
communicated so that he could run a 
parallel series as an independent check 
and for an opinion. He writes: “I like 
nupercaine so far as my experience goes 
and am delighted to have it added to what 
we already have.” 

When starting the use of a new drug or 
combination, it always is well to review 
the previous work and publications; and, 
since nupercaine (percaine) was developed 
in Basle, it is only natural that one must 
look to the journals of France, Germany, 
Switzerland, and England for the earliest 
reports on the use of the drug under 
discussion. These manuscripts have been 
appearing for the past year and a half, 
and the volume of literature upon the sub- 
ject indeed is impressive. Walker dis- 
cusses the use of percaine in surface 
anesthesia, particularly as applied in urol- 
ogy. Wachtel** has written on the use of 
percaine in gynecology and obstetrics. 
Ritter! has reported a long and impressive 
series of cases of all kinds, operated upon, 
with percaine as a local anesthetic. Hofer® 


states: “Looking back on the remarkable 
efficacy and on the peculiar chemical 


structure of percaine, we feel that in time 
cocaine and its chemical relatives may be- 
come things of the past.’”? UhIman”* pre- 
sents the difficulties met with during the 
production of this agent and discusses its 
toxicity, along with the effects on isolated 
vessels of the rabbit’s ear and on the cornea 
of the rabbit’s eye. 


In addition to these men, cases have 
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been reported by Heckenbach,’ Rosen- 
stein,’® and Klestadt.?! 

In the face of such an imposing array of 
literature, the question might be asked 
why the author advises and uses nuper- 
caine in combination rather than alone. 
The question is quite proper, and the 
answer is at once easy and reasonable. 
First, it is the writer’s opinion and experi- 
ence that the elements of control are much 
more easily understood and applied with 
the combination, rather than in comparison 
with nupercaine used alone, as at present 
on the market. The combination will be 
safer in average bands. Second, nupercaine 
is an exceedingly powerful drug (UhIman** 
estimates it to be ten times as strong as 
cocaine and forty times as strong as 
novocaine); hence, for the present, it 
should be used in very minimum dosages. 
Thirdly, with the doses advocated herein, 
the nupercaine anesthesia is slow in be- 
coming established; therefore the novo- 
caine is added for the early and quick 
effect. Lastly, with the 5 mg. to 714 mg. 
addition, a safe, rational, and controllable 
anesthesia may be produced which, in 
100 per cent of the cases, lasts over two 
hours. This is all any surgeon reasonably 
could ask, 

In conclusion, no apology is offered for 
publishing results from such a small num- 
ber of cases. As to the extent of the block 
and the duration of the anesthesia, each 
case responded exactly as was theorized 
beforehand. Each case was checked, double 
checked, and studied until, in the aggregate, 
they have more value than many hundreds 
casually observed. Six months have elapsed 
since the combination first was used, and 
no untoward effects have presented in any 
single case, operatively or since. It is 
believed that combined novocaine-nuper- 
caine spinal anesthesia for prolonged surgery 
will find a very definite place in the ar- 
mamentarium of the spinal anesthetist. 
The anesthetist who knows only one 
method of general anesthesia must make 
every patient conform to that type of 
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surgical narcosis; knowledge of how to use 
other additional forms gives him greater 
flexibility of choice and adaptation. So in 
spinal anesthesia. To know only one of the 
many ways of inducing spinal anesthesia, 
restricts and limits the spinal anesthetist. 
He should have knowledge of, and experi- 
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ence In, spinocaine, gravocaine, novocaine, 
neocaine, and now, also, nupercaine or 
combined novocaine-nupercaine. Then, and 
then only, is he capable of rendering, to 
both patient and surgeon, the fullest and 
the most beneficent service. And this, no 
less, ever should be his aim. 
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SPINAL ANESTHESIA 
A PRACTICAL DISCUSSION* 


V. E. JOHNSON, M.D., F.A.C.S. 


ATLANTIC CITY, N. J. 


Y observations and _ conclusions 
with spinal anesthesia are based 
on a careful study of 250 personally 

administered cases, the great majority 
being cases especially indicating this form 
of anesthesia. 

To those who continue to look upon 
spinal anesthesia with askance, and who 
still feel that spinal anesthesia is too danger- 
ous for use, I wish to relate my own personal 
experience among a group of skeptical 
medical and surgical associates. When 
I began the use of spinal anesthesia in 
January, 1928, it was because its use was a 
necessity, the case being a fractured femur 
in a person with advanced prostatic 
obstruction, requiring an open operation. 
I ran up against a rather firm opposition 
to its use in our hospital. It was made a 
subject of discussion and the question came 
up as to whether I would be allowed to 
use it there. At the present time, however, 
the attitude is changed to the extent that 
I have been requested to give spinal 
anesthesia for every surgical chief on the 
hospital staff, and on the genito-urinary 
service it is the routine anesthesia. From 
an almost absolute condemnation of the 
procedure, it has come to be very openly 
accepted. 

I do not believe that the operative pro- 
cedure should be made to fit any particular 
type of anesthesia but that the anesthetic 
should be chosen to fit the particular 
operation and patient at hand. Ether and 
the other gaseous anesthetics still have 
their field, although it is the general feeling 
that ether is far from being an ideal anes- 
thetic and the general tendency is to use it 
less and less frequently. This is evidenced 
by the vast amount of experimentation and 
research now being done on anesthesia. 
Attention is being directed to the gaseous 
types of anesthesia, to the barbituric 


derivatives for intravenous and oral anes- 
thesia, to the alcohols for rectal anesthesia, 
and to local anesthesia.' All of these are 
being used to the utter neglect of ether as 
an anesthetic agent. This work is being 
done with one thing as its objective and 
that is the finding of an ideal anesthetic 
method. Spinal anesthesia is one of these 
methods and one would believe that, 
according to some men, it is the most ideal 
method known today. I agree that it is the 
most ideal method now in use for certain 
operations and for certain individuals, 
but I do not believe in its routine use. 
The two most popular techniques are 
the Labat and the Pitkin. With the Labat 
method neocaine crystals are used and 
spinal fluid is used as the solvent. This is 
prepared with the patient’s own spinal 
fluid and after the neocaine crystals are 
dissolved the fluid is reinjected. With the 
Pitkin method novocaine is dissolved in 
physiologic salt solution to which starch 
paste, alcohol, and strychnine are added, 
and purchased under the trade-name of 
spinocaine, in ampoules ready for use. I 
use the Pitkin method and am well satisfied 
with it. 
“ Much has been written about the use of 
small needles, with a 45° bevel. Personally, 
I prefer the Babcock needle of 20 G. size 
and 3 in. long because of the ease with 
which the spinal fluid can be withdrawn 
and reinjected. The argument advanced in 
favor of the small needle is that the gap 
made in the dura is so small that very 
little leakage takes place, and this helps to 
prevent headaches. I have had but one 
patient who complained of headache, and 
that occurred in an obstetrical case in 
which I had used the heavy 40 per cent 
novocaine solution and not the light 10 per 
cent novocaine (spinocaine) — solution. 
1See Am. J. SurG., July, 1930. 
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Therefore, from my experience, the size 
of the needle has nothing to do with head- 
ache production. 





Fic. 1. Relations of spinal cord to vertebrae. Note that 
the spinal cord ends at lower border of first lumbar 
vertebra. Arrow points to most frequently selected 
interspace. Puncture should not be done higher than 
first lumbar interspace for fear of direct trauma to 
cord. Adult relationship only portrayed. 


The technique has been adequately and 
frequently described and a repetition here 
is unnecessary. Pitkin’s contribution on 
this is especially clear and thorough. The 
following is the routine I have developed 
for establishing the height of anesthesia. 
After lumbar puncture has been success- 
fully performed, a 4 c.c. syringe (not 3 c.c. 
as originally advised by Pitkin), containing 
the determined amount of spinocaine solu- 
tion (usually 2 c.c.) is adapted to the 
spinal puncture needle and the expansion 
of the anesthetic solution accomplished by 
withdrawing 2 c.c. of spinal fluid and then 
injecting to the 1 c.c. mark, that is, 3 c.c. 
of the mixture are injected with the first 
stroke of the plunger. After that, 1 c.c, 
of spinal fluid is withdrawn each time and a 
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ittle more than 1 c.c. reinjected until the 
littl than 1 jected until th 
entire expansion has been obtained. For 
perineal and vaginal work only 2 c.c. of 
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Fic. 2. Illustrating (1) the sensory spinal nerve distribu- 
tion, (2) the sympathetic trunk, its connections with 
the spinal cord via rami communicantes, its visceral 
and vascular distribution, (3) the vagus nerve. Note 
especially the component segments that go to form 
the phrenic nerve. 


spinal fluid are admixed; for operations on 
the lower extremities, Scarpa’s triangle, 
and lower abdomen 6 c.c. of spinal fluid 
are admixed; for operations above the 
umbilicus, and below the transverse nipple 
line, 8 c.c. of spinal fluid areadmixed. Never 
do we advise the admixture with more than 
8 c.c. of spinal fluid. See the accompanying 
diagram for tegmentary nerve supply. 
When the anesthetic mixture has been 
injected turn the patient on his back and 
lower the head of the table at once, and 
wait for the anesthesia to establish itself, 
Usually the anesthesia sets in very rapidly, 
but occasionally I have had to wait for 
about ten minutes. The anesthesia usually 
lasts about one and a half hours. If longer 
anesthesia is required 3 c.c. or even 4 ¢.c. 
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If the patient complains of nausea, have 
him take a few deep breaths and adminis- 


ter 10 per cent carbon-dioxide in oxygen 


of spinocaine can be used with safety. A 
proportionately less amount of spinal fluid 
is then admixed. 
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Fic. 3. Relationship of systolic blood pressure, pulse 
rate, and respiratory rate in case of high spinal 
anesthesia. 





























Conduct during the Anesthesia: Apply 
the sphygmomanometer cuff and_ take 
blood pressure every five minutes for the 
first half hour, and then as one desires 
after that period. I insist that blood pres- 
sure readings be done because they give 
the first clue to anything going wrong. | 
have never had occasion to feel alarmed 
about the patient’s condition, even though 
there was a very marked drop in pressure. 
I have had the systolic pressure in a few 
cases drop from 120 or 130 to 50 mm. or 60 
mm. and still the patient’s condition was 
good. I always give 1 c.c. adrenalin when 


the pressure drops to 80 or below. 
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Fic. 4. Relationship of systolic blood pressure, pulse 


rate, and respiratory rate in another case of high 
anesthesia. 























with the regular gas machine, and apply 
cold towels to the face and neck. Do not 
worry if he vomits. If the patient becomes 
nervous, 1 grain morphia will quiet him 
in a few minutes. 

If the patient is quiet and not nauseated, 
he may be allowed to take a few sips of 
water during the course of the operation, 
unless the operation Is a gastric one or Is 
being done for intestinal “obstruction. At 
no time should the head of the patient be 
raised after anesthesia has set in. Remem- 
ber that the safety of the method is entirely 
dependent upon the circulation of the 
brain, and the patient must therefore be 

















New Series Vor. XI, No. 3 


kept in the Trendelenburg position. Exces- 
sive Trendelenburg position is not necessary. 
It only makes the patient uncomfortable. 
Occasionally one will discover a very high 
anesthesia, but that is no occasion for 
worry. I have had 3 cases of high anes- 
thesia. One of these had anesthesia to the 
hyoid bone, one to the level of the external 
angle of the orbits, and the other to the 
chin. All of these, therefore, affected the 
origin of the phrenic nerves (third, fourth, 
and fifth cervical segments), and one of 
them affected the lower two branches of 
the fifth cranial nerves (trigeminal). In 1 
case the blood pressure dropped from 
130 to go and went up to 140, and in the 
other case the pressure went up from 120 
to 180. One case, the one in which the 
pulse went up to 130, showed slight signs 
of pallor. In all these cases the respiratory 
rate ranged between 16 and 24. Of course 
all these patients remained conscious. It 
appears therefore, that high anesthesia is 
nothing to worry about, and the theory 
that if the phrenic nerve roots are reached 
the patient will die from respiratory paraly- 
sis is exploded. 

The physiology of the action of spinal 
anesthesia is not at the present time com- 


pletely understood. Why the phrenic 
nerves, for instance, continue to func- 


tion even though the anesthetic solution 
obviously is in contact with them, has not, 
apparently, been satisfactorily explained. 
Regarding the association of the height of 
the anesthesia and the behavior of the 
blood pressure, we find extreme drops with 
low anesthesia as well as with high anes- 
thesia, and we also find that some cases of 
high anesthesia do not show a drop in the 
blood pressure at all. Regarding the pulse 
rate, we find it varies markedly and with 
no regular association with extent of 
anesthesia. In the past we were taught that 
very high spinal anesthesia would cause a 
slowing of both the heart rate and respira- 
tory rate because the vagus nerve to the 
heart was not opposed in its action by the 
anesthetized accelerator nerve and that the 
respiratory rate was slowed and the excur- 
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sions shallower because of depression of 
the phrenic nerves. We now know that the 
heart is not slowed in its action in high 
anesthesia, but instead, is likely to become 
increased in its rate. The respiratory rate 
seems to be little affected at any time by 
spinal anesthesia, except in amplitude. 

I have not been able to find a satis- 
factory explanation, for the phenomena of 
rapid pulse with high anesthesia and for a 
sustained blood pressure in high anes- 
thesia. It may be that selective aflinity of 
novocaine for purely sensory fibers of the 
sympathetic system is the real explanation. 
Certain it is that the rami communicantes 
contain both sensory and motor fibers. It 
has generally been taught that the rami 
communicantes are given off from the 
anterior roots from the first or second 
thoracic to the third lumbar segments, 
and when all these are affected by the 
anesthetic solution that complete vaso- 
motor paralysis occurs, and, of course, one 
should expect the blood pressure to then 
approximate zero. However, it does not 
occur very often as shown in the cases of 
exceptionally high anesthesia already cited. 
It may be that preliminary injections of 
ephedrine have something to do with the 
particular paradox but this has yet to be 
proved. The finding of the explanation for 
the phenomena relating to the blood pres- 
sure will at the same time explain the pulse 
phenomena, or vice versa, as in both cases 
we are dealing with the rami communi- 
cantes fibers in their function of opposing 
the vagus nerve. 

Cardiovascular Disease: Sufficient stress 
has not been laid on cardiovascular disease 
and spinal anesthesia. The general state- 
ment that spinal anesthesia should be used 
when the cardiac risk is too great for 
inhalation anesthesia is, obviously, too 
general. It is not true that spinal anes- 
thesia is a panacea for the cardiac surgical 
case. It is true that most cardiovascular 
cases are suitable risks for spinal anes- 
thesia. In my experience there are two 
chief groups that react badly under this 
form of anesthesia. 
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1. Cardiac disease associated with de- 
compensation. When dyspnea is an accom- 
paniment the patient cannot breathe freely 
unless the head and shoulders are elevated, 
the latter position being unsafe with spinal 
anesthesia, because the only cause of death 
from spinal anesthesia is cerebral anemia, 
which is prevented by the use of the 
Trendelenburg position. In this type of 
patient one can use the heavy solution and 
one should do so when an emergency opera- 
tion below the umbilicus must be done. As 
a routine, the heavy solution has com- 
paratively few advocates. I have recently 
used the heavy solution a few times, but I 
do not have the confidence in it that I have 
in the light solution, because I would be 
almost helpless if cerebral anemia should 
develop. For an emergency operation, 
however, one should not hesitate, if gas 
or ether is contraindicated and _ local 
infiltration or regional block anesthesia 
cannot be used. The latter is the best 
method in these cases. Stokes-Adams 
disease, whether active or quiescent, should 
especially be regarded as a contraindica- 
tion except when managed as here outlined. 

2. Cases of cardiovascular disease asso- 
ciated with a high blood pressure present- 
ing an inordinately low diastolic pressure. 
I have come to fear high pulse pressure 
more than ordinary decompensation. The 
normal ratio of blood pressure factors is 
usually stated by the following equation: 

P:D:S 
2:3 

The diastolic is normally twice the pulse 
pressure and the systolic three times the 


pulse pressure. 
Example = 129¢9 (Recorded blood pressure). 


Pulse pressure 120 — 80 = 40. 
P:D:S 
40:80:120 


When this ratio is changed materially 
one can expect and will get a very decided 
drop in the systolic pressure. If the pulse 
pressure equals the diastolic pressure the 
condition is serious, and if the pulse pres- 
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sure is greater than the diastolic, then 
operation under spinal anesthesia should 
not be done. 

In this connection I wish to record my 
experience with a patient presenting a 
marked change in the normal ratio. This 
was a case of a patient with complete 
urinary retention due to an hypertrophied 
prostate upon whom a_ two-stage pros- 
tatectomy was done under spinal anes- 
thesia. The first operation was completed 
without any anesthetic difficulties. 

The second operation was performed 
three months later and before the opera- 
tion the pressure reading was 14545, that is 
P*P*$__. In other words the pulse pres- 
70:75:145 
sure was almost equal to the diastolic 
pressure and the systolic twice the pulse 
pressure. The systolic pressure immedi- 
ately began to drop and at the end of 
fifteen minutes had reached 8o systolic. 
(Diastolic reading not recorded.) At this 
stage 19 c.c. adrenalin and 14% grain of 
ephedrine were given subcutaneously. Ten 
minutes later the systolic pressure had 
gone down to 60 and the diastolic was not 
recordable. At this stage 7 minims of 
adrenalin were given intravenously and 
almost immediately the patient complained 
of severe pain in his head and chest and 
became slightly cyanotic and the pressure 
was 2; that is *~”*> —- Within about 

80 110:80: 190 
five minutes the pain in his head and chest 
began to subside and simultaneously the 
pressure began to fall rapidly until within 
ten minutes it had again reached 6% and 
I was satisfied to await further develop- 
ments. Fortunately the pressure remained 
at that level and the end-result was satis- 
factory. One might criticize the treatment 
rendered here, and in the light of my 
present knowledge, justly so; but the fact 
remains that I did what the great majority 
of spinal anesthetists would have done. | 
do not now pay as much attention to blood 
pressure reductions, but I must say that 
I do not like such radical drops. If I feel 
beforehand that such will occur, I hesitate 
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to employ spinal anesthesia. In these cases 
there is a narrow margin of safety under 
any form of anesthesia and the choice of 
which to use is a hazardous one. 

Cardiac irregularities, including fibrilla- 
tions, and angina pectoris cases are not 


contraindications to the employment of 


spinal anesthesia, provided that these two 

conditions are absent. 

During the time I have been using spinal 
anesthesia I have come to some very 
definite conclusions, to wit: 

. Spinal anesthesia is a method that has 
come to stay. It is a safe anesthetic 
when used in properly selected cases. 

11. It should not be given by anyone but 
an expert. I do not subscribe to the 
opinion held by some that spinal 
anesthesia may be administered by 
anyone who can do a lumbar puncture. 

Spinal anesthesia is an ideal anesthesia 

for the following conditions: 

1. Intestinal obstructions of all forms. 

2. Obstructions of the lower urinary 
tract: prostatic hypertrophy, stric- 
ture of the posterior urethra, sub- 
cervical nodes, etc. 

3. Urinary extravasations with tox- 
emia. 

4. Major amputations of the lower 
extremities. 

5. For surgery of diabetics. 

6. For surgery below the diaphragm 
in patients suffering from pulmon- 
ary tuberculosis. 

>. For surgery in certain heart and 
kidney diseases. 

8. For those cases of acute abdominal 
conditions where there is a question 
of pneumonia. 

1v. Spinal anesthesia, while not absolutely 
indicated, has special usefulness in the 
following conditions: 

1. Treatment of fractures of the lower 
extremities. 

2. Rectal work of all types. 

Perineal and vaginal operations. 

4. Intra-abdominal surgery of the 
female reproductive organs. 

5. Any operative procedure below the 
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diaphragm, requiring as much 
one and one-half hours to complete. 
Shock is eliminated. 

Ruptured duodenal or gastric 
ulcers. 

v. I do not believe that the ordinary run 
of operations of the upper abdomen on 
good risk patients can be done with a 
greater degree of safety under spinal 
anesthesia than with ether or gas-local 
combination. If the patient is a poor 
risk, because of associated damage to 
heart (q. v.), lungs, or kidneys, or if 
the patient is diabetic, the safer 
method is spinal anesthesia. 

vi. Postoperative complications are mark- 
edly reduced. In this series there were 
no respiratory complications. One 
patient developed gastric dilation, 
from which recovery was rapid. 

The mortality rate for bad risk cases 

is markedly reduced. All deaths occurr- 
ed as a result of the primary surgical 
condition. On the genitourinary serv- 
ice the death rate is now only 3 per 
cent, and the majority of the cases 
operated upon are prostatic cases. The 
deaths on this service are mostly ad- 
vanced urinary extravasation cases. 

Only one prostatic patient died and 

that was due to suppurative periton- 

itis. 

There are actually very few contra- 
indications to the use of spinal anesthesia. 
They are tabulated as follows: 

Infections, including ordinary pustule 
(pimple), at the site of the puncture. 

11. Very low blood pressure. One must be 
very cautious in its use if the systolic 
pressure is below 100. 

111. Septicemia cases. 

tv. Concensus of opinion is that operations 
above the diaphragm are more safely 
performed under other forms of anes- 
thesia. 

v. Cardiovascular: decompensated cardiac 
muscle, Stokes-Adams disease, inordi- 
nately high pulse pressure (relative). 
Cerebrospinal: 

1, tuberculosis 


VII. 
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syphilis 
brain tumor 
cord tumor 
meningitis—any type 
6. turbid spinal fluid. 
There are many reasons why spinal 
anesthesia is advantageous in the groups 
of cases cited. These have been thoroughly 
dealt with in the many papers written, but 
there are two advantageous factors which 
have not been sufficiently stressed. The 
first one is the question of traumatic shock. 
Spinal anesthesia represents Crile’s anoci- 
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a 


association to the nth degree. Because of 


the break in the reflex arc occasioned by 
anesthesia of the sensory nerve root, the 
impulse originating in the operative area 
never reaches the cord for transmission to 
the sensorium. Very extensive and pro- 
longed operations can be performed with- 
out any evidence of shock. Amputations 
through the thigh are probably as shocking 
as any operation below the diaphragm, if 
not the most shocking. I have performed 
this operation twice on debilitated indi- 
viduals and there was no evidence of 
shock in either of them; in fact, the blood 
pressure varied only 5 mg. in I case and 
none in the other. Hysterectomy, especially 
panhysterectomy, is another example of a 
shocking operation. I have performed 4 
supravaginal hysterectomies, and one pan- 
hysterectomy under spinal anesthesia, and 
none of these showed any evidence of 
shock. It is a pleasure to know that your 
patient leaves the operating room in good 
condition. I have found it necessary at 
times, however, to give a little nitrous oxide 
by inhalation, in addition, because the 
patient insisted upon being put to sleep. 

The other advantage which has not been 
sufliciently stressed or appreciated is the 
difference in postanesthetic nursing serv- 
ice. Spinal anesthesia patients are put in 


Johnson—Spinal Anesthesia 





MARCH, 1931 


bed with the foot of the bed elevated, and 
given a couple folds of gauze and a kidney 
basin. They can then take care of them- 
selves and the nurse can go about her 
other duties. Unless vomiting occurs, they 
need no care for two or three hours. In con- 
trast to this is the ether patient, and occa- 
sionally, the nitrous oxide patient, both of 
whom need constant nursing care until 
they have regained their faculties, usually 
in one to six hours. 

I wish to make one word of warning con- 
cerning the use of hot water bags. The 
patients are conscious, but a goodly part 
of each body is anesthetic, and it is very 
easy to burn these patients. When hot 
water bags are ordered, postoperatively, 
it is well to specify that they be placed in 
each axilla, and if the anesthetic has 
reached the axilla, insist that hot blankets 
alone be used. This is a little point but one 
to be heeded. I, fortunately, have not had 
this occur, but I have seen it and the 
patient does not forget it, at least for the 
three months or so required for healing to 
take place. 

In conclusion, it is my conviction that 
every surgical service in every hospital 
should avail itself of this method of an- 
esthesia. I am convinced that spinal 
anesthesia in bad risk cases, is certain to 
lower the mortality rate. 
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PERNOCTON SLEEP 
ITS SURGICAL USE AND THERAPEUTIC INDICATIONS* 


BERNHARD FRIEDLAENDER, M.D. 


DETROIT, MICH. 


O greater degree of confidence can 
be conceived than that which is 
given by the patient to the.anesthe- 

tist in being brought into and kept in a 
painless and unconscious condition during 
the period of operation. 

Unfortunately, all inhalation anesthetics 
possess disadvantages, the most serious 
of which is the possibility of injury to 
the psychic element. The induction of an 
inhalation anesthetic may produce a severe 
and often lasting psychic trauma upon 
the patient. The tender care of the psychic 
constitution is very important, especially 
in a person who is sick and is about to 
undergo an operation or to give birth toa 
child. We have not paid enough attention 
to sparing patients such psychic insults 
caused by careless administration of anes- 
thesia and indifferent handling of the 
patient before and after surgical and 
obstetrical intervention. Psychic trauma 
will cause shock and will undoubtedly 
reduce the resistance of the organism. 
The fear instilled in many a patient 
immediately upon placing the anesthetic 
mask over his face is often greater than his 
fear of the operation. 

As we shall deal here with a hypnotic 
(pernocton) or a remedy that induces 
sleep, it would probably not be out of 
place to survey briefly our meager knowl- 
edge of sleep. The present-day scientific 
theories, according to Freud, tend to 
ascribe sleep to changes in the central 
nervous system and usually to the cere- 
brum. We must not forget, however, that 
decerebrate birds and mammals still ex- 
hibit states which have every appearance 
of sleeping and waking. The modern 
theories fall into five general classes: 
viz., chemical, physiological, histological, 
biological, and psychological. Although 
any adequate treatment of these theories 


is, of course, impossible and out of place 
here, it seems desirable to review them in 
the briefest fashion. 

Chemical Theories. Poisons are elabo- 
rated during the period of waking as the 
result of muscle and nerve activity. These 
poisons are narcotic in action and when a 
certain amount has accumulated, they 
produce drowsiness and then sleep. The 
toxins act directly upon the central nervous 
system, particularly upon the cerebrum. 
In sleep the poisons are no longer formed, 
because in this condition there is a mini- 
mum of activity. Sleep is merely the result 
of slow “‘poisoning” of the brain with a 
chemical. These toxins or narcotics are 
eliminated during the night or during sleep, 
and when elimination is nearly complete, 
awakening results. A modification of this 
theory holds that a lack of oxygen causes 
an excess of carbonic acid to accumulate 
in the brain, thus producing sleep. Ober- 
steiner thought it was due to an excessive 
amount of lactic acid accumulated in 
the blood. Binz, Errero, Bouchard, and 
Breisacker also championed the various 
autotoxic theories. 

Physiological Theories. Sleep is believed 
by many to be due to changes in the 
cerebral circulation. Durham, Bernard, 
Kussmaul, Howell, Lehmann, de Fleury, 
and others take the position that sleep 
is the result of cerebral anemia. This may 
be due to a dilatation of the blood vessels 
of the skin which causes a fall of the blood 
pressure in the brain. Sleep results in much 
the same way as syncope follows upon a 
lack of blood in the brain. According to 
these circulatory theories of sleep, cerebral 
congestion or an increased amount of 
blood in the brain produces insomnia. Other 
physiologists attribute sleep to cerebral 
congestion, mere mechanical pressure on 
the brain (Holland, Broadmann, Marshall 
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Hall, and others). Hamilton points out that 
this theory probably originated in a false 
analogy between sleep and comatose states 
in which a condition of cerebral congestion 
had been demonstrated. 

Histological Theories. All nerve cells 
possess dendrites which touch each other 
and by means of which nerve currents 
are supposed to be transmitted from one 
cell to another. These currents are neces- 
sary for consciousness and when the 
dendrites spontaneously grow shorter so 
that they no longer come in contact with 
one another, sleep results. The neurons 
simply draw in their processes at night. 
To use Hall’s phrase, “They hang up 
the receiver.” This theory has also been 
utilized to explain the mechanism of cer- 
tain dissociations of consciousness such as 
dreams, hysteria, and hypnosis. Purkinje 
thought that sleep is due to the “inter- 
ruption of neural conductivity between 
the cortical matter and the rest of the 
cerebrum.” This view was developed by 
Mautner, Wardemont, and Oppenheimer. 
Van Gieson and Sidis based their theory 
on the variability of different levels of 
neuron energy of which we shall speak 
again later. 

Biological Theories. Claparede thinks 
that sleep cannot be the result of fatigue 
because fatigue frequently results in in- 
somnia. Sleep is an active instinct, not the 
passive result of intoxication or fatigue. 
Its purpose is to defend the organism 
against fatigue. He points out that there 
are a great many lower forms of life 
that do not sleep and thinks it probable 
that sleep has its genesis in the periods 
of immobility which were originally a 
simulation of death. These organisms in 
which this occurs have been preserved by 
natural selection because of the accumula- 
tion of energy during these episodic 
periods of repose. In this connection the 
opinion set forth by P. G. Stiles in his 
book on sleep is interesting. He says in 
substance that to define sleep as a suspen- 
sion of consciousness is not correct. If 
this definition were to be accepted, no 
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animal can be said to sleep unless we 
grant that it is conscious at other times. All 
mammals and birds are assumed to sleep, 
probably the reptiles do, but we are not 
sure about the frog and the fish. Instead of 
asking, “Do the lower animals sleep?”’ We 
might ask, “‘Are they ever awake?” 
Is not all life below a certain level somnam- 
bulistic? Thomson has a similar idea. 
He thinks that sleep becomes necessary 
at that point in the development of the 
animal when it entertains a conscious 
purpose. Animals which have no such 
purpose are not overly active and do not 
need sleep. In them waste and repair go 
on in a fairly even manner, each output of 
energy being followed by a prompt sub- 
sidence of activity to permit recuperation. 
Sidis says that sleep is as much an instinct 
as sex or hunger. Sleep is conditioned 
by the monotony of peripheral stimulation, 
the limitation of voluntary movement and 
inhibition. An intermediate or hypnoidal 
state always separates the sleeping and 
waking states. His theory is based on the 
“Variability of different levels of neuron 
energy” or the changes in the “Threshold 
of cell energy.”” When the threshold rises, 
we fall asleep; when it falls, we awake. 
Thus, the immediate cause of sleep is 
largely sensory adaptation. When the 
organism becomes fatigued as the result 
of continued stimulation, those stimuli 
which have exhausted themselves or ceased 
to act on the organism by reason of their 
monotony, drop out and are replaced by 
new ones until the whole round of the 
stimuli has been gone through. Then the 
organism ceases to respond and _ falls 
asleep. Organisms, therefore, fall asleep 
when the threshold for stimulation rises and 
awake when the threshold falls. 
Psychological Theories. Sleep is an in- 
hibition, a resting of consciousness. Menta! 
activity or consciousness is dependent upon 
incoming peripheral stimuli, and when 
these are absent, a lowering of mental 
activity follows and sleep results. If all 
peripheral stimuli are removed, sleep will 
naturally follow. When we attempt to 
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sleep, we voluntarily cut off all distracting 
external stimuli; we darken the room, lie 
quietly, stop all muscular activity, close 
the eyes, etc. Sleep is, in a sense, a matter 
of volition. Manaceine thinks that “sleep 
is the resting state of consciousness.” 
Brown-Séquard, Wundt, Siemens, Forel, 
and Oscar Vogt ascribe sleep to an inhibi- 
tion of cerebral activity. Heble thinks that 
“Brain activity depends on sensory activity 
which in its turn depends on peripheral 
stimulation. Consciousness is a function of 
sensations which in their turn are a func- 
tion of external stimuli or impressions.” 
Sleep often has been defined as a mere lack 
of attention, a suspension of consciousness. 

The psychological explanation of sleep 
is in my opinion the one that best describes 
the mechanism of sleep. Also it is the theory 
which best tends itself to an explanation 
of the action of the hypnotic, pernocton, 
or the other soporifics. 

Consciousness consists in a continuous 
association and coupling of impressions 
and ideas. It is, therefore, an active 
process by which we center our attention 
on a limited number of stimuli. Uncon- 
sciousness is simply the absence of such a 
synthesis. In an unconscious state we 
are unable to limit our attention to a 
specific number of stimuli and are aware 
of all stimuli impressed on us. This state 
may be brought about by a number of 
factors and conditions, viz., (a) direct 
depression of the nervous mechanism as 
in anesthesia, anemia or asphyxia; (b) 
fatigue; (c) involuntary inattention or 
inhibition. The suppression of the synthesis 
of ideas may be of all grades, from mental 
concentration through reverie, trance, the 
hypnotic state, and sleep to anesthetic 
narcosis and coma. 

As will be shown later, the method of 
giving a pernocton hypnotic includes 
psychic preparation for hours, even days 
before the advent of the operation. This 
is done so that the psyche of the individual 
will have the fullest protection we are 
able to afford it. The patient is prepared 
by suggestion for what to expect and is 
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told how pleasant and harmless the 


hypnotic is. This suggestion as a prelimi- 
nary is very essential, for it induces a 
state of mind which is the first step to 
beneficial sleep. The giv ing of the pernocton 
on the day of the operation is a culmination 
of the process. It directly paralyzes the 
receptive ability, or rather the ability 
to synthesize ideas and impressions. This 
state is really sleep, similar to the natural 
act, for the individual is unable to con- 
centrate on external stimuli and conse- 
quently unconsciousness is produced. The 
unconsciousness induced by pernocton is, 
however, one step beyond natural sleep, 
for the individual cannot be roused by 
ordinary stimuli. To recapitulate, the first 
step is to prepare the patient by suggestion, 
and the second step the paraly zing of the 
ability to synthesize ideas or impressions, 
a step further than that produced by 
natural sleep. 

The responsibility of recommending any 
new anesthetic or hypnotic to the profes- 
sion is immense. The present report is 
given after careful laboratory and clinical 
investigations and experience with over 
1200 cases by the author, his colleagues 
and associates in the administration of the 
sodium salt of the secondary butyl-s- 
bromallyl barbituric acid (pernocton) hav- 
ing the formula (C,,;H,,O;N.BrNa. 
Pernocton contains all the factors making 
for therapeutic effectiveness and has no 
detrimental qualities such as undue toxicity 


or difficulty of management. 


From the beginning of our investigations, 
we had in mind the two main factors 
mentioned previously, namely, ease of 
control and harmlessness on one hand 
and preservation of the patient’s psychic 
constitution on the other. Because these 
two factors were not found in any one of 
the anesthetics known today, we sought 
for and obtained the desired results by 
combining pernocton with an inhalation 
anesthetic, preferably ether. 

In large doses, in human beings, pernoc- 
ton used alone will have the effect of a 
complete anesthetic, but its isolated use 
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for this purpose in such large doses is 
dangerous and should never be attempted. 
Large doses act harmfully on the vasomotor 
and the respiratory centers, causing respira- 
tory failure and a fall in the blood pressure. 
Small and medium doses induce a reduc- 
tion in the frequency of respiration but 
at the same time cause such a decided 
deepening of the respirations that the 
respiratory cycle does not suffer but is 
rather improved by a greater ventilation 
of the lungs. It is our custom to give a 
small dose of pernocton as an induction 
hypnotic followed by ether, and the 
anesthesia produced is ideal. The patient is 
put to sleep about twenty minutes before 
he is transferred to the operation room. 
The product is given in accordance with 
specific instructions which shall be enu- 
merated later. With this combination anes- 
thetic, somatic sensibilities are to a great 
extent eliminated, and the psychical sensa- 
tions eliminated entirely. Complete anes- 
thesia with pernocton is never attempted. 
It should be remembered that pernocton is 
neither a narcotic nor an anesthetic, but 
merely a hypnotic. The determination 
of the proper dose depends upon the weight 
and psychic condition of the patient. As 
a rule 1 c.c. of the 10 per cent solution of 
pernocton per 12.5 kg. of body weight will 
be sufficient to put the patient into a deep 
sleep in from one to two minutes, If the pa- 
tient is mentally and physically prepared, 
it is never necessary to use the full dose. 
The subjective action of this drug on the 
patient is remarkable. The systematic 
psychic influence on the patient plays the 
most important part in the success of a 
smooth anesthesia without motor excita- 
tions. The desired psychic influence upon 
the patient is cultivated more now than 
ever before. The patient is prepared before 
he enters the hospital and_ especially 
before and during the administration of 
the drug. The mental impressions continue 
upon awakening. The staff of the hospitals 
should be clearly informed of the action 
and benefit of pernocton and understand 
the necessity of a quiet and encouraging 
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suggestive influence upon the patient 
before and after the operation. In some 
hospitals the work of the surgeons and 
anesthetists is made extremely difficult 
on account of prejudice of the attending 
staff toward a new method of anesthesia. 
The consequence is an unfavorable in- 
fluence upon the patient resulting in 
restlessness and exaltation. 

Examinations too painful to the patient 
to be carried out without anesthetics 
and minor surgical operations can be made 
under the hypnotic influence of pernocton. 
The drug has been used in this series in 
cases of general surgery, in operations 
upon the thyroid, stomach, gall bladder, 
appendix, kidney, prostate, tonsils, bone, 
and in the presence of icterus, diabetes, 
cachexia, and in aged persons as well as 
in young persons of twelve years of age 
and over. The drug has been used in 
gynecology; also in performing the opera- 
tions of hysterectomy, myomectomy, 
ectopic pregnancy, salpingostomatomy, 
vesicovaginal, fistula repair, Sturmdorf 
operation, levator myorrhaphy, hemor- 
rhoidectomy. It has been used in obstetrics, 
both in normal and abnormal deliveries 
and in the presence of eclampsia. In over 
1200 cases, there was not a single fatality, 
and in only 4 cases was there found an 
excessive amount of excitability which was 
believed to have been due to an improper 
technique; namely, too rapid injection of 
the drug. The time taken to inject the 
required quantity of solution is of the ut- 
most importance. It is obvious that a 
quantity of a chemical substance calculated 
on the bodily weight should be incorporated 
into the general circulation very slowly, 
especially if the solution is hypertonic 
and of a P,,g.8, and hence very alkaline. 
The P,, of the blood is 7.4 and if the solu- 
tion is introduced into the blood stream 
slowly, the buffer action of the blood brings 
the blood alkalinity back to normal very 
rapidly. But if a quick, overwhelming 
concentration of the blood stream with a 
highly concentrated alkaline solution takes 
place, a fall of the blood pressure and 
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faulty respiration will be noticed and motor 
excitations will follow. Although the tis- 
sues absorb the solution very rapidly and 
the P,, of the blood is reestablished very 
quickly and the patient becomes normal 
again in two to five minutes, it is very 
desirable and easy to avoid such disturb- 
ances. However, the pulse does not change 
in frequency, the pupils react to light, 
and the peripheral reflexes are not in- 
fluenced. In experiments on animals, death 
from overdosage always results from failure 
of respiration. Even when breathing has 
already been suspended by fatal doses, 
the blood pressure and the heart beat are 
still maintained for a short time. 

The method for the intravenous injection 
of pernocton is as follows: 

Pernocton is a hypnotic to be used 
intravenously. If used intravenously in the 
proper dose, instant sleep is produced with 
the elimination of all sensation. 

2. Its principal use is for induction and 
support of an inhalation anesthetic and it 
serves to avoid all psychical disturbances of 
the patient and a great saving of ether or 
any other anesthetic which might be used. 

3. The average dose need not be more 
than 1 c.c. to 1244 kg. of body weight. 

4. The intravenous injection should be 
made as slowly as possible. It is best to 
inject I c.c. every one to two minutes, 
using a watch for control. 

If, during the injection, the patient 
goes to sleep, the injection should be 
stopped even if the full dose has not been 
given. 

6. In fifteen to twenty minutes after 
the injection, a small amount of ether 
may be given to the patient by inhalation. 
In many operations and in obstetrics 
other anesthetics, even ether, will be found 
unnecessary. 

It is better not to use any morphine or 
any other opium preparation before per- 
nocton is injected. However, morphine 
may be given for postoperative pain if 
necessary. Atropine is always given in doses 
of from 0.4 to 0.6 mg. (grain 1/59 to grain 

4700) one half-hour before the operation. 
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8. The normal sleep after the operation, 
which may last from two to five hours, 
reduces postoperative pain to a minimum, 

g. In obstetrics: in primipara, the injec- 
tion should be done after the external os 
is about three fingers dilated. In multipara, 
it may be injected after dilation of two 
fingers. In obstetrical cases where we have 
a protracted labor of many hours, a second 
pernocton injection may be given if neces- 
sary, but a second injection should not be 
more than 2 c.c. 

Although the technique for the intra- 
venous administration is laid down, it 
should not be used schematically according 
to body weight. It is very seldom that as 
much as 1 c.c. to 12.5 kg. body weight 1 is 
found necessary. If the injection is given 
slowly from one to two minutes per cubic 
centimeter, it is found that one-half to 
three-fourths of the computed dose is 
required to induce perfect sleep and that is 
all that is desired of the drug. By all means, 
the computed dose of 1 c.c. to 12.5 kg. body 
weight should never be exceeded. The 
maximum dose is estimated in order to 
protect the patient from a careless anes- 
thesia in which the limits of dosage are 
overstepped and the patient’s life endan- 
gered. If the solution is properly adminis- 
tered, no failure will be encountered. The 
patient usually loses all sensation in from 
one to two minutes. He has no anxiety or 
fear, dizziness or other abnormal sensa- 
tions. He does not even feel tired or have 
foreboding of sleep. The consciousness is in 
a moment obliterated. While going to sleep, 
there is no sign of excitation if the solution 
is slowly injected. The most careful ob- 
server will not be able to detect any change 
in the patient except that he does not 
answer questions put to him. One is, 
therefore, able to put to sleep a patient 
suffering from Basedow’s disease without 
his knowledge of the intended operation. 
The patient gives the impression of a quiet 
and peaceful sleeper. The length of sleep 
varies with the individual, the amount 
given, and the mode of administration; the 
average being from two to five hours if not 
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shortened by hypodermatic injection of 
caffeine sodium salicylate, or by inhalations 
of oxygen or carbon dioxide gas, given 
immediately after the operations. 

The patient awakens after two to five 
hours as from a natural sleep. He does not 
remember having taken ether or any other 
inhalation anesthetic. He very often asks 
upon awakening when the operation will 
take place. The sedative action of pernoc- 
ton prevents anoci-association, nausea, 
and vomiting. There is no headache, and 
no matter how large a quantity of ether 
was administered or how long the operation 
lasts; there is no excessive desire for water. 
The uropoietic system remains normal, 
probably because no morphine is used 
before the administration of pernocton. 
The incidence of respiratory complications 
appears to be lessened in our series since 
using pernocton as an induction hypnotic. 
Asphyxia and aspiration pneumonia have 
not appeared. This is probably due to the 
relatively small amount of ether used in 
conjunction with pernocton. From 60 
per cent to 80 per cent of ether has been 
saved. The anesthetist has been able to 
discard the use of mouth gags, tongue 
forceps and other paraphernalia commonly 
used during anesthesia. Ether action and 
elimination are prompter because the 
psychic and reflex defenses are removed 
and the ventilation of the lungs remains in 
a relatively physiological state or is 
increased. The sleep after the operation is 
beneficial to the patient because he usually 
does not feel the first traumatic pain. 
However, if the patient should need mor- 
phine after the operation, it may be given. 
The patient is ordinarily allowed to drink 
as soon as he is able to swallow. The second 
day the patient usually asks for food. If 
ether is used following pernocton, the pa- 
tient very often has an exciting cough for 
the first few inhalations of ether. This 
takes place also if we change from nitrous 
oxide to ether anesthetic. This passes off 
rapidly with the abolition of the reflexes. 
It has never been our experience to have a 
patient awaken under this combined anes- 
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thetic during the operation no matter 
how small the quantity of ether used. The 
excitation from the combined ether-pernoc- 
ton anesthesia is never as great as with 
ether alone. Excitations take place even 
in spinal anesthesia. There are many cases 
of severe psychoses reported after spinal 
anesthesia. Hellendall' reports a_ very 
remarkable case of psychosis with hallu- 
cinations following spinal anesthesia with 
novocaine and adrenalin which he used for 
the operation and for ileus in the same case. 
This woman became so bad that she had 
to be transferred to the insane asylum 
where she eventually died. Postoperative 
accidents and complications in the form 
of collapse, pneumonias, lung abscess, 
ileus, and vomiting were never experienced 
by us following the use of pernocton. 
The urine which is always checked up 
soon after the operation remains as normal 
as before the operation, showing no 
albumin, sugar or cast; but there is a 
positive reaction to acetone and diacetic 
acid for from one to four days. Hemolysis 
which takes place in every general anes- 
thetic cannot be demonstrated after per- 
nocton-ether anesthesia. 

The question of how long pernocton 
remains in the system is answered by the 
exhaustive work of Boedecker and Ludwig 
and Fretwurst, Halberkann and Reiche. 
They found that the secondary butyl-s- 
bromallyl barbituric acid is decomposed 
rapidly and almost completely in the cir- 
culation. The barbituric acids of pernocton 
are broken down to butyl acetonyl bar- 
bituric acids which may be transferred 
to malonylureic acetic acid. Boedecker 
and Ludwig gave these compounds to 
animals but could not produce any hypnot- 
ic effect; hence the observation that the 
action of pernocton passes off quickly 
(two to five hours). 

The clinical observations of my co- 
workers, Drs. Irene L. Sparling and Harold 
I. Sparling are that the quick decomposi- 
tion of pernocton is disadvantageous in ob- 


1 This case is quoted by Hellendall in the Zentralb. 


f. Gynaek., Sept., 1930. 
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TABLE I 
Operation No. of Cases 
Appendectomy. . . 216 
Cholecystectomy. . 47 
Gastroenterestomy . . 19 
Nephrectomy... .. 7 
Prostatectomy...... ae ree 9 
Thyroidectomy (Graves disease) 7 
Thyroidectomy. .. Mead 31 
Tonsillectomy. . Si . 148 
Salpingectomy (ectopic pregnancies) 9 
Hemorrhoidectomy......... 43 
Ilysterectomy........ ; 26 
Levator myorrhaphy. 160 
Salpingectomy....... 36 
Salpingostomatomy. . 63 
Sturmdorf operation. . 208 
Vesicovaginal fistula. . 5 
Deliveries... .. 155 
Eclampsia. .. . 6 
Osteomylitis. . 5 
1200 


stetrics because the metabolic rate of the 
woman in labor is so much increased that 
the hypnotic is broken down much quicker 
and therefore does not very often last 
long enough to complete the labor. The last 
stage has to be supplemented with a 
small quantity of ether in a few cases. 

Halberkann and Reiche state that this 
quick decomposition is due to the bromally] 
group which favors oxidation in the 
organism. Our observation is that the 
hypnotic effect ceases at the point of 
decomposition. 


CONCLUSIONS 


1. Pernocton, in chemical structure, 
combines the advantages necessary in 
anesthesia in the possession of a long side 
chain and a halogen replacement of the 
hydrogen atom without suffering the dis- 
advantages of similar compounds; L.e., 
insolubility, toxicity, ete. 

2. Pernocton produces unconsciousness 
closely related psychologically to natural 
sleep, with the added benefit of rendering 
the subject impervious to external stimuli 
which disturb natural sleep. 

3. As a hypnotic, pernocton adminis- 
tration coupled with psychological prepa- 
ration of the patient, completely eliminates 
the psychic traumata which are such detri- 
mental factors in inhalation anesthetics. 
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4. Pernocton should be administered in 
a dosage relative to the body weight, and 
the directions for technique should be care- 
fully studied. The dosage may be dimin- 
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ished if the patient is psychologically 
prepared. 

5. Pernocton should never be adminis- 
tered in doses great enough to abolish the 
reflexes. In major operations, it should be 
used as an extreme hypnotic for induction, 
and combined with a small amount of 
ether. 

6. Painful examinations, minor surgical 
operations, and many obstetrical proce- 
dures may be performed in the pernocton 
sleep. 
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7. The author presents 1200 cases in 
which pernocton has been used without a 
single fatality, conditions of extreme ex- 
citability being present in only 4 cases, as 
evidence of its beneficent effectivity. 

8. Pernocton sleep is recommended as a 
long sought anesthesia for minor surgery 
and induction hypnotic for major surgery, 
since it combines efficacy and the pro- 
duction of benign psychic conditions with 
an elimination of detrimental toxicity and 
psychological disturbance. 
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THERAPEUTIC PARAVERTEBRAL ALCOHOL BLOCK 


OBSERVATIONS OF ITS EFFECT FOLLOWING ITS USE IN ANGINA, ASTHMA, AND 
RAYNAUD'S DISEASE* 


F. G. DuBosg, M.D., F.A.C.S. 


SELMA, ALA. 


municantes is an anatomical sec- 
tion. It was first employed by 


A munis block of the rami com- 


Swetlow in 1924, and his report in 1929 of 


41 cases following its successful use estab- 
lished it as the major therapeutic measure 
for the relief of angina pectoris. 

White and others have reported its 
results in the relief of suffering in a wide 
variety of conditions. The alleviation of 
pain was the primary concept in its applica- 
tion. The rami communicantes in this 
pathway has not alone to do with pain 
but also with circulation, secretion, and 
the action of all of the glands in the area 
controlled by its several segments. 

The interference of the action of the 
sympatheticotonic by blocking causes a 
lessened vasoconstriction on all of the 
blood vessels within the blocked area. 
The resulting increase in the blood current 
as a consequence of larger vessels causes 
greater physiological activity and increased 
nutritional changes therefrom. 

In the use of paravertebral alcohol 
block for the relief of angina, anhidrosis 
was observed, and along with it a difference 
in the temperature and an alteration in the 
sensation of the skin in the blocked zone. 
It is rational to infer that a similar influence 
on the viscera within the blocked area 
must of necessity follow. It appeared from 
this observation and conclusion that asthma 
might be relieved by paravertebral alcohol 
block, however contrary this conclusion 
was to the accepted idea of the association 
of asthma with vagotonia. The inhibition 
or destruction of the action of the sym- 
patheticotonic in the lung and bronchial 
zones should augment the tendency to 
asthma and manifestly make it worse when 
present, on account of the resulting in- 
crease of action of the vagotonic. This, 


however, did not occur when the first to 
the fifth dorsal rami communicantes were 
blocked bilaterally in the asthmatic. There 
was a disappearance of rales, and the 
asthma stopped. After this therapeutic 
measure was used in several cases of 
asthma, a unilateral block was done on a 
profound asthmatic, with the result of 
disappearance of bronchial rales on the 
blocked side and their persistence on the 
other side. Chronic asthmatics in whom all 
other measures of treatment had failed 
were the ones used in this therapeutic test. 
The results were successful uniformly in 
the relief of asthma continuously, one year 
being the longest time elapsing since the 
first case was blocked. 

In the cases of angina, increased ex- 
ercise did not result in cardiac distress, 
cyanosis, or circulatory failure after block- 
ing as it did before. Something had hap- 
pened in these patients besides the mere 
relief of pain. Electrocardiograms were 
then taken three months after the blocking, 
and compared with the electrocardiograms 
taken before the block; these showed a defi- 
nite decrease in the defects in the several 
leads, and in some instances a return of the 
impulses to within normal range. These 
observations apparently proved that in- 
creased nutrition had been given the heart 
muscle as the result of an increased vascu- 
larity following the block. 

In the case of Raynaud’s disease, an 
improvement in the circulation of the 
extremities was most evident, and along 
with it a disappearance of erythromelalgia. 

The work of Jonnesco was the first 
to establish surgical sympathectomy and 
ganglionectomy on a sound basis as a 
measure for the relief of pain. It has been 
shown by many observers both from surgi- 
cal sympathetic nerve section and from 


* Submitted for publication January 2, 1931. 
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Fic. 1. Schematic illustration of distribution of two components of vegetative nervous system, showing its 
division into sympathetic and parasympathetic and their branches to various organs. 
Thoracicolumbar portion of cord, which gives origin to sympathetic nervous system, is represented in red. 
Portions of the midbrain and medulla, and sacral segments of cord, which give origin to parasympathetic sys- 
tem, are represented in blue. Peripheral nerves belonging to parasympathetics, are shown as solid blue 
lines, while those belonging to sympathetic system are shown as red lines. This chart shows double innervation 
of structures of head, heart, and entire enteral system, and likewise indicates single innervation for blood 

vessels, pilomotor muscles and sweat glands of body. (Modified from Meyer and Gottlieb.) 
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alcohol blocking of the rami that peripheral 
vasodilation followed; it appears now and 
we hope to show that visceral vasodilation 
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Fic. 3. Dorsal paravertebral anesthesia. (Pauchet.) 
Skin is infiltrated with a band 1 cm. wide at a distance 
of 35 mm. from the median line. The operator intro- 
duces the needle through this band and feels his way. 
Black dots show where needle should enter to reach 
the rib, somewhat laterally to costovertebral articu- 
lation. When needle has come in contact with rib, 
it turns about its inferior border and proceeds toward 
a point 0.5 cm. further forward and inward to reach 
sympathetic anastomosis. It should be noted that 
lower angle of scapula corresponds to spinous process 
of seventh dorsal and spine of scapula to third 


dorsal. 


is an additional physiological basis for its 
use. 

In all of the cases observed there was a 
disappearance of cachexia and a restoration 
of general health and well being out of 
proportion to that which could be antici- 
pated or expected from the mere relief of 
paroxysmal pain. 

Apparently, there is a coincidental influ- 
ence on the chemical and electrolytic action 
of perhaps all of the body cells following 
the effect of segmental block on the sym- 
patheticotonic nervous system. A_ close 
association between the action of the 
vegetative nervous system and of the 
chemical and electrolytic functions of the 
body is generally recognized, and when one 
of these three is upset in its action the other 
two are correspondingly affected. 
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The connection of the vertebral sym- 
pathetic with the spinal cord is loosely 
segmental. Fibers spreading widely below 
and above the segment to which the nerve 
belongs make possible a complexity of 
reflex arcs which are the basis of the 
physiological activity of the system. The 
wide diversity and variety of the action of 
this great reflex arc system is poorly under- 
stood, as but few of the impulses pass over 
into the threshold of consciousness. The 
vegetative nervous system presides over 
the function of the respiratory, circulatory, 
alimentary, reproductive system, all non- 
striped muscular structures, and the duct- 
less glands through the visceral, sensory 
receptors. There is no consciousness, as a 
rule, of the functions of all of these. There 
are at times vague and general sensory 
impressions, and these from forceful or 
prolonged stimuli may be transformed into 
a consciousness either of discomfort or 
visceral pain, representing in effect dis- 
ordered or diseased conditions of the 
viscera. 

The action of every gland, blood vessel, 
hollow muscular organ, and viscera of the 
body is controlled by the vegetative nerv- 
ous system. On the sustained equilibrium 
of the antithetic action of the vagotonic 
and the sympatheticotonic systems de- 
pends the sum total of health, both physical 
and mental. This is the balance of potential 
stressed by Crile, which results in the acid 
and alkali equilibrium of the body, any 
disturbance of which produces many vary- 
ing pathological states. Normally function- 
ing without consciousness and independent 
of volition, there is nevertheless a definite 
influence from psychic stimuli. Their action 
is stimulated by pleasurable and inhibited 
by unhappy emotions. These reactions to 
environmental forces create impulses trav- 
ersing the paths of the vegetative nervous 
system and are transmitted to each neu- 
rone successively by the stimuli of adjacent 
neurones, 

The neurone should not be confused with 
the reflex arc. The one is an anatomical, 
the other a physiological unit of the nervous 
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system. The arcs function physiologically 
through sensory receptors, afferent con- 
ductors, and efferent adjustors conveying 
outward impulses to influence the activity 
of muscles and secretory cells. The result 
of normal activity is to increase tissue 
change. 

The interrelationship of the sympathetic 
nervous system with the endocrine and 
electrochemical functions has been shown 
by Kraus and Zondek. The irritation of 
any one will produce a reaction in the 
other two. Compensatory action of differ- 
ent body systems is known to be an 
important factor in correcting the defects 
and disorders of any one or more of the 
systems. The employment of extrinsic or 
intrinsic stimuli to activate the vegetative 
nervous system may profoundly influence 
visceral, secretory, motor, and trophic 
functions. 

It is reasonable to infer that correlary 
reflex arcs are activated by the block of 
one or more segments of the rami com- 
municantes occupying the pathway of 
direct impulses. The rational application 
of these stimuli to influence or control 
electrochemical actions and endocrine se- 
cretions as well as to relieve pain has far- 
reaching possibilities of benefit and relief 
through the use of paravertebral block. 
The factors which underlie all of man’s 
actions, his intellectual expressions, as 
well as his disorders of functions and 
disease, are the chemical and electrolytic 
actions of the body cells and endocrine 
secretions. Segmental block activates them. 
The work of Head, Crile, Langley, McKen- 
zie, Hygier, Gaskell, Pottenger, Swetlow 
and others, is of absorbing interest and 
attractiveness; such researches appeal es- 
pecially to minds that are looking into the 
origin, cause, and expressions of life. 

In the surgical use of block anesthesia, 
experience and observation have elaborated 
and clarified the work of Head and others 
in establishing and outlining visceral and 
surface zones controlled by the several 
segments of the rami communicantes. 

Because of its freedom from danger and 
fatality, segmental alcohol block should 


DuBose—Alcohol Block 


a 


American Journal of Surgery 501 


largely replace surgical sympathectomy on 
account of the high mortality of the latter. 
The segments of the rami communicantes 
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Fic. 4. Intercostal or paravertebral dorsal anesthesia. 
(Pauchet.) First needle is directly in the intercostal 
space and in the vicinity of the nerve. Second (dotted 
line) has at first come in contact with rib, but has 
then been given an oblique direction downward and 
has reached vicinity of nerve. 


in the pathway of visceral pain are as 
follows: 

First to fifth dorsal inclusive. . Thoracic viscera, 

notably heart and lungs. 

| Liver 

Stomach 
Pancreas 
| Spleen 

Small intestine 


| Kidney 
The following table will give the viscera 
influenced by certain segments blocked: 


NS deste deennn es . D-5: D-6 
SCOMACR.......+5: D--: D-8 


Sixth to ninth dorsal inclusive....... « 


Tenth to twelfth dorsal inclusive .... - 


Gall bladder. .. D-10 (right 
Small intestine........... D-9: D-10 
REE eye D-12: L-1 
Appendix........ vcnmawee L-1: L-2 (right 
Ascending aorta..... D-1: D-2 (right 
Angina pectoris.......... D-1: D-2 (left 
Lung and pleura........ D-1: D-4 
Upper quadrants....... D-12 

Arm and fingers........ D-1: D-2 
TIE, ccccccccscascvance EMM 


Technique:* A preliminary hypodermic 
of morphine 14 of a grain, atropine ral 50 
of a grain, and hyoscine 1400 of a grain Is 
given thirty minutes to one hour before 
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blocking to avoid shock and to relieve 
pain. A 19-gauge needle, 8 cm. in length, 
connected with a 10 or 20 c.c. Luer syringe 
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Spinous process 


Fic. 5. Paravertebral dorsal block. Technique No. 2: 
Needle 1 takes contact with rib, is partially with- 
advanced toward 

angle of about 25 


drawn, swung to position 2, and 
spine in a direction making an 
degrees with sagittal plane of body. 


filled with 14 of 1 per cent apothesine 
solution is inserted 3!5 cm. from the 
spinous process as outline in Fig. 4, 
and as the needle is introduced, the solu- 
tion is injected, which tends to avoid 
injury or puncture of the small blood 
vessels until the point impinges against the 
transverse process or the costovertebral 
articulation. It is then slightly withdrawn 
and tilted downward passing underneath 
the process or rib for a distance of 14 cm., 
with an inclination slightly inward where 
it should touch the rami. 
pain in the surface of the body corre- 
sponding to this zone indicates that “ 
rami has been reached. Then 5 c.c. of 14 
of 1 per cent apothesine solution are inject- 
ed, the syringe disconnected from the 
needle which is left in position for five 
minutes or more and until such other seg- 
ments as are to be blocked are similarly 
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injected. The local effect of the anesthetic 
will have been sufficient in this length of 
time to permit the injection of 5 c.c. of abso- 
lute alcohol into the area for the purpose 
of a permanent block. With the injection 
of the alcohol, there is a recurrence of pain 
in the zones involved more intense than 
when first elicited by the insertion of the 
needle and the local anesthetic. The anginal 
cases complain of a reproduction of pains 
in their entirety, such as are felt in the 
anginal attacks, and when these have been 
obtained the efliciency of the method 1 

assured. The severity of the pain is coin- 
cident with the injection of the alcohol, 
and in intensity it persists for ten or fifteen 
minutes, following which there are painful 
sensations in the skin, which last, gradually 
lessening, for approximately a week. Al- 
most immediately, there is noticed an 
absence of perspiration and dryness in the 
skin zone influenced by the block; there 
is also an attending sense of heat or warmth 
both subjective and objective. 

Without eliciting the painful sensations 
described, one should be very doubtful 
of the effectiveness of the blocking, as it Is 
highly probable that the area containing 
the rami communicantes has not been 
invaded. The usual confinement to bed 
after blocking is one day. It is remarkable 
how early even the patients who are the 
most serious cases get out of bed on their 
feet, and the rapidity with which they 
recover their strength and resume their 
vocation is always gratifying. 

Impressions: For the relief of pain, 
especially in inoperable conditions, para- 
vertebral alcohol block is most valuable. 

In the vascular disturbances of the lower 
extremities, especially of the type cul- 
minating in gangrene, such as Raynaud’s 
and Berger’s disease, it has been established 
as a valuable therapeutic procedure. 

In asthma after a year’s observation of 
several cases, it has afforded consistent 
freedom from asthmatic attacks following 
its use in every instance. 

The change in the secretion of the skin 
(anhidrosis), the disappearance of bron- 
chial rales in the asthmatic, definitely indi- 
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cate a change in the secretion of the viscera 
as well as the skin within the blocked zone. 

The evidence of improved circulation in 
the heart muscle following its use in angina 
is borne out both by the electrocardiograph- 
ic tracings and the improvement in the 
general health of the individuals treated. 

There is a corollary or complementary 
effect following the blocking of one or 
more segments of the rami communicantes 
on other glands and structures. 

Insufficient observation, research and 
time have been devoted to these changes 
and they are at present poorly understood. 
Further research is merited in determining 
as nearly as possible what actually occurs 
in the physiology of the secretory organs 
within the blocked zone, and the effect 
of that change on the vital processes of the 
body as a whole, as the result of the differ- 
ent areas blocked. 

It is probable that we are on the thresh- 
old of controlling metabolic processes in 
certain areas as the result of the influence 
of blocking the corresponding rami 
communicantes. 

It is unquestionably certain that we can 
inhibit some secretions by the use of alcohol 
block of the rami controlling the innerva- 
tion of certain glands or organs. 

Since anacidity of the stomach is desired 
in the treatment of gastric ulcer, it should 
be possible to produce such a condition 
by paravertebral block. 
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It appears from the results already 
obtained, that a wider range of application 
of this therapeutic measure than for the 
control of spasm, pain, and areas of 
defective circulation is merited. 

If the various secretions of the body are 
controllable by the use of alcohol block 
of the rami or ganglion of the vegetative 
nervous system as it is at present, to a 
degree, by drugs or surgery, then we are 
approaching the power to balance the 
potential, and establish an equilibrium 
between the acid and alkali on which 
depends normal physiological function. 

One of the most outstanding results of 
blocking in the cases we have observed 
is in the cachectic states, so powerful an 
influence on general metabolism has been 
produced that in practically every instance 
there has been a disappearance of the 
cachexia, especially noteworthy in restora- 
tion of healthy color, frequently ruddy, 
to a previously pale and swarthy skin. 

An extension of the application of 
alcohol block in modifying and controlling 
secretions of the viscera is doubtless the 
next step. 

As a diagnostic measure, and especially 
as an indicator for paravertebral permanent 
block with alcohol, paravertebral anes- 
thetic block with novocaine, or apothesine 
to the second lumbar vertebra and spinal 
anesthesia below from the second lumbar 
has distinct value. 
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PRESENT-DAY CRITERIA OF 
X-RAY DIAGNOSIS OF DUODENAL ULCER* 


PART II 


AKE AKERLUND, M.D. 


STOCKHOLM, SWEDEN 


(2) THe More or Less TRANSVERSE 
ENCROACHMENTS ON THE BULBAR LUMEN. 
According to Cole the local transverse or 
oblique deformities of the bulbar shadow 
are called bulbar defects. 

These defects may be circular or uni- 
lateral, narrow or wide, sharp-edged or 
more rounded, single or multiple. The 
transverse defects are usually found at 
about the same level as the ulcer or niche 
and the oblique defects are generally 
pointed more or less directly towards 
the niche. *The defects are often more 
obvious than the niches themselves and 
are therefore of fairly great importance for 
the detection of these; but they are not 
necessary components in an ulcer de- 
formity and are not in themselves pathog- 
nomonic for ulcer (Figs. 37, 38). 

The defects may occur anywhere on 
the bulbar circumference, most commonly, 
however, and deepest, on its major curva- 
ture (see Figs. 35, 49, 52); defects of 
smaller size may also be seen on the pyloric 
outline of the bulb. 

The bulbar defects may be due to a 
variety of causes. At first they were con- 
sidered with few exceptions due to organic 
changes such as infiltrative processes in 
the region of the ulcer, abundant produc- 
tion of thick cicatrized connective tissue 
the callous masses of which protrude into 
the lumen, shrunken cicatricial bands 
in the wall, or to periduodenal adhesions. 
Unexpectedly in many cases no organic 
cause of the defect, even of deep nature, 
was revealed at operations, whereupon a 
condition of spastic contraction was as- 
sumed (Carman, Akerlund and others). 
Nor can there be any doubt that many 
such defects, particularly those of a rounded 


* See Figs. 21, 23, 35, 49, 50, 52. 


shape are entirely or in part due to some 
abnormal local contraction in the muscular 
coats of the bulb. On laparotomy without 
general anesthesia immediately after the 
abdomen is opened, the pursing contraction 
in the musculature of the duodenal wall 
has in several such cases been directly 
observed; it was further noticed that the 
existing contraction gradually yielded to 
the operative manipulations. In the same 
way it may be seen during fluoroscopy how 
a defect well marked at first may after a 
few moments’ palpation become quite 
obliterated. In such cases it would seem 
that a spastic factor was undoubtedly 
present. More recent roentgen-anatomical 
studies of the mucous membrane of the 
digestive tract by Forssell, Berg and others 
have shown that functional, transitory 
changes of circulatory and contractile 
nature in the bulbar mucous membrane 
itself play a part, hitherto rather over- 
looked, in the production of defects, even 
of larger sizes. It has already been recog- 
nized that the smaller basal and juxtapy- 
loric defects are occasioned by the local 
contractions and folding of the mucous 
membrane;! at the present time it Is 
considered that a local state of contraction 
of the mucous membrane with subsequent 
formation of folds and thick edematous 
swelling resulting in cushion-like forma- 
tions in the plane of the ulcer may make up 
the chief basis at least of the large rounded 
defects which formerly were regarded as 
occasioned by spasm. 

Roentgenologically, it is not always 
possible to say whether the defect in a 
given case is organic or functional in 
character. Still more difficult is it to decide 
whether a defect that proves to be of a 
functional nature is chiefly caused by 


* Continued from the February, 1931, issue, p. 259. 
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Fic. 37. Married woman, aged forty-five, with symptoms of ulcer of many years’ standing. Deep defect on area 
of greater curvature, more shallow defect on that of lesser curvature. Closely above large defect there is a dens- 
er niche seen through bulbar shadow. 





Fic. 38. Circular defect with an en-face niche level with incisura. 
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Fic. 39. Woman, aged forty-three. Periodical abdominal symptoms for the past four years; has been through 
two cures for ulcer. More severe symptoms during last week. Tube-shaped bulbar deformity with niche, size 
of a pea, on area of lesser curvature. At operation one found a large callous ulcer adherent to pancreas. 





Fic. 40. Man, aged sixty-eight. Ulcer history of many years’ duration. Typical retraction of lesser curvature 
side with small niche, level with well-marked defect; pylorus widely open. Pyloric ring is only seen on side of 
greater curvature. 

[506] 
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spastic contraction of the tunica muscularis 
or by a transitory change in the mucous 
membrane; it may be that such a decision 
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holds true in that type of deformity repre- 
senting the most marked and extensive 
form of organic change in the bulb, namely, 





Fic. 41. 


Ulcer symptoms for many years. Three years ago operated on for perforated ulcer. Recurrence. Large, 


basal ulcer diverticulum, elongated oval niche at edge of diverticulum close to pylorus. Operative verification. 


is not really of as great practical impor- 
tance as the discrimination between organic 
and functional defects. Angular, wedge- 
shaped, jagged, strongly pursing defects 
and those situated distal to distinct pouch 
formations are generally caused by organic 
changes, particularly when unquestionable 
signs of shrinking (such as shortening and 
fixation of the bulb) are present at the 
same time; rounded defects and those of 
softer and more variable outline are more 
probably of functional character. 

When localized to the basal part of the 
bulb a defect may extend as far as, and 
without any demonstrable limit pass over 
into, the pyloric ring. In such cases it may 
be quite impossible to definitely localize the 
pylorus on the roentgenogram. The same 


the tube-shaped deformity, in which case the 
whole bulb may be transformed into a 
stiff, unyielding canal (Fig. 39). 

(3) THe Marnrty LoncitrupinaL Re- 
STRICTIONS OF THE BULBAR LuMEN. This 
type of deformity is generally a question 
of one-sided change of outline resulting in 
a more or less asymmetrical shape of the 
bulb. Within a limited area the outline 
loses its normal convexity, becomes flat- 
tened, taut, shortened, and, in combina- 
tion with other types of deformity, perhaps 
even concave. It is the same process which 
under the name of schneckenférmige Ein- 
rollung der kleinen Kurvatur or “retraction” 
is well known as the shortening of the 
lesser curvature that often accompanies 
chronic ulcers of the stomach. Pending 














. ‘ 
Fic. 43. j 
Fics. 42, 43. Man, aged thirty-six. Compression roentgenogram in first oblique projection (Fig. 42) shows an en- 
face niche, size of a peppercorn, and a pocket-shaped ulcer diverticulum within the curvature-major area of 
Cole’s recess. In second oblique projection (Fig. 43) both niche and ulcer diverticulum prove to belong to 
anterior bulbar wall. 
[508] 

















Fic. 44. Man, aged fifty-five. Basal ulcer diverticulum on greater curvature area, proximal to large niche on 
curvatura minor side. Distal to this still another smaller niche on retracted lesser curvature side. 





Fic. 45. Sailor, aged twenty-three. Ulcer symptoms of several years’ standing. En-face niche, visible in first oblique 
projection on compression, is surrounded by clear ridge-like brighter zone. Operative verification. 
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Fic. 46. Woman, aged twenty-seven, with periodical symptoms of ulcer for several years. On compression there 
is seen rounded niche surrounded by ridge-shaped infiltration. 





Fic. 47. Married woman, aged forty-five. Compression roentgenogram in first oblique projection shows oval en- 
face niche surrounded by radial folds of mucous membrane. 
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Fic. 48. Man, aged twenty-six. Periodical abdominal symptoms, lately present for month. Niche close to retracted 
lesser curvature side with star-shaped arrangement of folds of mucous membrane, radiating towards niche. 











Fic. 40. 
[511] 
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some better term the latter, shorter name 
“‘retraction”’ has therefore also come into 
use for the corresponding changes in the 
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bar circumference corresponding to the 
lesser curvature the retraction Is also most 
usual at that site. * 





Fic. 50. 


bulb. The suggested term “concavity” 
seems to me for several reasons less suit- 
able, first, because a true concavity is 
not typical of this type of deformity in 
its pure form at least; secondly, because 
types of deformity other than the longi- 
tudinal restriction bring with them concave 
depressions in the bulbar lumen (both 
those mentioned under (2) and (5)), 
wherefore the name “concavity” could 
easily lead to confusion. 

The retraction develops around that 
longitudinal plane of the bulb which passes 
through the ulcer itself. The retraction, 
therefore, generally becomes unilateral; 
but in the case of several simultaneous 
ulcers may develop on different sides of 
the bulbar circumference. Since, as has 
already been mentioned, the ulcers are 
more common within that half of the bul- 


Generally the retraction has an organic 
origin and it is caused by shrunken 
fibrous bands which run_ longitudinally 
through the ulcer, as well as by callous 
masses that may be formed here. It seems 
probable that in certain cases an abnormal 
state of contraction in the longitudinal 
muscle, which is normally more strongly 
developed on the lesser curvature, may 
play some part in the production of the 
retraction in at least those cases where 
cicatricial changes are not found at opera- 
tion or where a retraction rapidly abates 
during a course of treatment. Nowadays It 
is also believed that functional transitory 
changes in the mucous membrane of such 
contractile and circulatory character may 
give rise to similar appearances. , 

The retraction is not generally restricted 


* Figs. 40, 44, 49, 50, 52. 
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to the immediate neighborhood of the ulcer 
but often extends along the greater part of 
or along the whole length of the bulb. 
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and the distance between pylorus and 
papilla Vateri become markedly reduced. 


Retraction plays a very important part 





Fic. 51. 

Fics. 49, 50, 51. Man, aged sixty-eight. Twenty-year history of ulcer symptoms, worse during three last 
months. Lost weight, cancer suspected. “Classical ulcer deformity of the bulb.” Figure 49 (upright position) 
shows niche formation on retracted lesser curvature side on level with deep rounded incisura major from 
side. Figure 50 (prone position) is a pretty film of widely open pylorus. Figure 51 (upright position, second 





oblique position) shows that niche formation belongs to posterior bulbar wall. 


In certain cases the change in outline 
may extend directly to the pylorus and 
may even encroach upon the last part of the 
stomach. In such cases Cole’s recess and the 
pyloric ring do not become visible on that 
part of the circumference which is the seat 
of the change; the lumen of the pylorus 
thereby becomes eccentrically situated in 
relation to the base of the bulb and is often 
found widely open (Fig. 40). 

In other cases where the retraction is 
mainly concerned with the upper part of 
the bulb and is associated with marked 
Shortening of the bulbar wall, the upper 
duodenal flexure may be quite obliterated 


in the ulcer deformity and may occur either 
in combination with the niche or without 
it. 

(4) Pouch ForMaTiIon, SACCULAR DILa- 
TATION, DIVERTICULA. Thesac formations 
often accompanying the chronic cicatri- 
cially altered duodenal ulcer (Moynihan’s 
‘“Dpouched ulcer’) are commonly called 
ulcer diverticula. They arise from the 
coaction of traction of shrinking cicatricial 
bands in the wall and pulsion of ingesta. 
Spastic contraction may also possibly 
contribute. In any case the ulcer diver- 
ticula may be regarded as a kind of pre- 
stenotic diverticula modified by the special 
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the lesser curvature and are then always 
smaller in size. On the roentgenogram they 
appear as bag-shaped dilatations of the 


local conditions in the ulcer-containing 
bulb. They have nothing to do with the 
true so-called congenital diverticula. They 





Fic. 52.’ Man, aged forty-one. History of ulcer for many years. Niche formation, size of pea, on retracted lesser 
curvature side level with deep defect from major side. Small basal prestenotic diverticulum. Operative 





verification. 


are lined with mucous membrane and their 
walls are to a certain extent contractile. 
The niche or niches themselves are always 
situated at the side of such diverticula 
and in the center of those cicatricial bands 
and sulci limiting the diverticula. All 
transitional stages exist, from shallow 
pouches to purse-like circumscribed diver- 
ticular formations with a distinct neck, 
the latter being particularly met with in 
case of double or multiple ulcers. Not 
rarely do the ulcer diverticula occur in 
pairs, one on each side of the ulcer. They 
are generally most marked on the side 
of the greater curvature and on the anterior 
wall of the bulb; they occur more rarely on 


basal parts of the bulb and present a soft 
and changeable outline, depending upon 
the degree of filling. They diminish or 
disappear on direct compression, In con- 
trast to the niches which then stand out 
more clearly (Figs. 41-44, 52). 

(5) THe ANNULAR RIDGE AND THE STAR 
ForMATION. Both types of deformity 
dealt with in this last group are of more 
recent date than the former types of more 
coarse anatomical nature and are the 
results of modern investigation of the finer 
changes in the relief of the mucous mem- 
brane as particularly developed by Forssell 
and Berg. 

By the annular ridge I mean the crest- 
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like swelling immediately surrounding the 
niche formation. As has been correctly 
pointed out by Berg this is almost never 
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membrane at the edge of the ulcer and as 


early as 1913 Haudek suggested a tangen- 


tial spasm of the muscularis mucosae at 





Fic. 53. Large niche formation on concave side of descending part of duodenum with alteration of contour in 
surroundings of niche and narrowing of duodenal lumen in plane of ulcer. 


lacking, except in the case of those niches 
where the patients have lost a great deal 
of blood. “En-face” and with compression 
this change is seen as a circular clear zone 
surrounding the niche-spot itself. * In profile 
view in which it is more easily detected the 
annular ridge appearsasa local concavity in 
the immediate surroundings of the ulcer. Its 
appearance is caused by a local thickened 
ring and swelling of the mucous membrane; 
circulatory (hyperemia or edema,) inflam- 
matory, proliferative and contractile fac- 
tors probably all contribute to the 
formation of this ridge which surrounds 
and deepens the niche. Therefore Hauser 
gave a patho-anatomical description of the 
proliferation of the glands of the mucous 


* Figs. 9, 31, 33, 45, 46. 


the edge of the gastric ulcer in explanation 
of the neck of the niche seen roentgeno- 
logically but which was lacking in the 
anatomical specimen. 

The star-like appearance in the relief was 
first described in duodenal ulcers by Berg. 
It consists of a radiating convergence of 
folds of the mucous membrane towards a 
center where a niche-spot will frequently be 
clearly in evidence. The formations are fixed 
and not like the normal folds of the mucous 
membrane, changeable; they are caused by 
shrunken cicatricial bands, and under 
favorable conditions may also be found even 
after the ulcer has healed (Figs. 47, 48). 

The different form components pre- 
viously mentioned may combine into 
different types of ulcer deformities. 
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Theoretically the most important com- 
bination type is the so-called “classical” 
ulcer deformity of the bulb which I first 
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and segmentary incisuras are almost ex- 
clusively found in patients from more dis- 
rural districts. 


tant 





Fic. 54. Large niche formation on descending part of duodenum, penetrating into pancreas. Deep correspond- 
ing incisura. 


described in 1919 and which represents a 
miniature picture of the well-known ulcer 
deformity of the stomach; niche and retrac- 
tion on the lesser curvature with a cor- 
responding deep incisura on the greater 
curvature (Figs. 49-52). In my first more 
comprehensive account of about 100 cases 
of duodenal ulcer, published in 1921, this 
type of deformity occurred completely 
developed in fully 50 per cent of the cases. 

During the last decade it has been shown 
that this type in its characteristic form 
occurs in cases of inveterate chronic ulcers 
which have been long overlooked and 
therefore have never come under treat- 
ment. It is now therefore gradually becom- 
ing extinct, at least among the town 
population, a pleasing result of our diag- 
nostic and therapeutic efforts. The fact 
is that at the present time this type of 
duodenal ulcer and also the corresponding 
type of gastric ulcer with colossal niches 


Nowadays the commonest type seen in 
ulcers of somewhat older date is a niche 
of smaller size on the anterior or posterior 
bulbar wall, surrounded by an annular 
ridge of the mucous membrane and perhaps 
associated with moderate retraction and a 
few transverse or oblique sulci. 

In recent ulcers it is not unusual to find 
that the bulb appears quite normal on an 
ordinary sagittal film without compression ; 
but a compression film and a roentgeno- 
gram in the second oblique position show 
a niche or a pair of contact niches with 
surrounding annular ridge of the mucous 
membrane and perhaps a minor degree of 
retraction in the longitudinal plane of the 
ulcer. 

Milder degrees of diverticular formation 
often take part in the deformity in case of 
older ulcers; the more advanced forms of 
diverticula are rare. 

As compared with the changes in shape 
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the other changes present in the bulb 
such as size, position, direction, displace- 
ability, motility and sensitiveness to pressure, 
play a very subordinate réle from the 
diagnostic point of view and can therefore 
be briefly dealt with here. 

Regarding variations in size the extremes 
are represented by Freud’s “Phthisis 
bulbi’” and ‘“‘Megabulbus.” The first 
name indicates an organic shrinkage and 
shortening of the bulb of the highest 
degree; the latter an enlargement of the 
whole bulb either with retained form, 
generally occasioned by pyloric insufli- 
ciency, or with an ectatic rounded form, 
Freud’s “‘praller Kugelbulbus,” in the 
case of stenotic ulcers in the upper part 
of the bulb. All these forms are rare. 

Among more important changes should 
be mentioned those in the bulb regarding 
position, direction and displaceability in so 
far as these are dependent upon peri- 
duodenal adhesions or perhaps only upon 
a well-marked hypertonicity of the stom- 
ach. The dextroposition and the dextro- 
fixation in cases of duodenal ulcer have 
long since been described (Clairmont and 
Haudek, 1911). A limited displaceability 
can be established by palpation under 
fluoroscopy. Berg has suggested that be- 
sides the reduced displaceability the change 
in position and in direction of the bulb is 
also indicative of retrofixation: the axis 
of the bulb loses its usual direction ob- 
liquely backwards and upwards and occu- 
pies a more transverse position, w hich is 
best demonstrated on turning the patient 
under control of the screen. 

The following are the different changes 
in motility of the bulb described in ulcer 
cases: Eisler’s “fleeting filling of the bulb,”’ 
the retarded emptying of the bulb 
(““Dauerbulbus”) and Barclay’s “‘per- 
sistent bulbar fleck.” The type of the 
“fleeting filling of the bulb” has rather 
pointedly been likened to an _ irritable 
bladder in cystitis which immediately 


expels even the smallest quantities of 
fluid entering it. In such cases, however, 
it is often possible during the latter stages 
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of the emptying to get a fairly satisfactory, 
and for analysis of shape sufficient, filling 
of the bulb with an opaque substance. 
Moreover, these cases are not particularly 
common. Neither the fleeting nor the 
retarded filling of the bulb is specific for 
ulcer but may be present in many other 
abdominal conditions. The “persistent 
bulbar fleck,”’ the first described local 
sign of ulcer (Barclay, 1910), is caused by 
retention after complete emptying of the 
stomach, usually in either ulcer diverticula 
or Cole’s normal recess and but rarely in 
niches. Bulbar flecks are sometimes simu- 
lated by retention in congenital duodenal 
diverticula in other parts of the duodenum 
which have been projected within the bulbar 
area, or by biliary or renal concretions. 

Local, often punctiform tenderness over 
the bulb or niche is very common and 
typical in duodenal ulcer but is often 
entirely lacking even over quite obvious 
niches both acute and chronic. 

Diagnosis. A careful analysis of the 
direct roentgenological signs of duodenal 
ulcer and particularly the detailed analysis 
of the shape of duodenal bulb, is of the 
greatest importance for the diagnosis 
of duodenal ulcer and for the differential 
diagnosis between this and a number of 
other conditions which are also associated 
with roentgenological local changes in the 
bulb. 

The various direct roentgenological signs 
in cases of duodenal ulcer vary considerably 
in their diagnostic importance. 

The most formidable proof is the niche. 
The presence of a niche, which is the com- 
monest sign of ulcer and which has been 
demonstrated in about 75 per cent of my 
cases of definite duodenal ulcer, is, pro- 
vided that it clearly fulfils the previously 


mentioned criteria and is_ constantly 
demonstrable, pathognomonic of ulcer 


and just as certain as an anatomical 
demonstration. 

Amongst the extensive material of roent- 
genologically certain bulbar niches per- 


sonally collected by me in the course of 
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the past ten years I cannot recall a single 
case where an undoubted roentgenological 
diagnosis of niche has not been confirmed, 
if not at the exploration of the outer aspect 
of the duodenal wall, yet always on 
examination of the resected specimen where 
this has been accessible. It is natural that 
the less experienced examiner is often prone 
to label as niches smaller ulcer diverticula, 
accidental lumps in the opaque mixture 
and other shadows of lesser size which 
happen to have been projected within the 
bulbar area but do not belong to it, as, 
for example, a small concretion in the 
kidney or gall bladder. This fact, however, 
only emphasizes the importance of a 
methodical technique of examination and a 
detailed analysis of the shape of the bulb. 

In those cases, however, where the niche 
is lacking as a sign of an open crater-shaped 
ulcer, the other local roentgen-ray findings 
in the bulb enable us to establish the diag- 
nosis of duodenal ulcer. 

Such local signs of practical proof even 
without the presence of niches are: 

(1) A radiating arrangement of the folds 
of mucous membrane of the bulb towards 
a central point (“star formation”’). 

(2) The simultaneous presence of a 
marked retraction of the medial part of 
the bulb and a well pronounced local 
contraction from the opposite side. 

(3) Prominent diverticular formation 
in the basal part of the bulb proximal to a 
contraction. 

(4) Shortening of the whole bulb with 
perhaps an obliterated superior duodenal 
flexure and diminished distance between 
the pylorus and the papilla Vateri. 

The other roentgenological findings in 
the bulb do not in themselves justify any 
diagnosis of ulcer but only a more or less 
pronounced suspicion of this possibility. 
In most of the uncertain cases a definite 
diagnosis may be arrived at if the examina- 
tion be repeated once or twice just when 
the symptoms are most troublesome. 
If it is a question of ulcer one will sooner 
or later succeed in bringing out a niche 
that clinches the diagnosis. 
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With the use of this technique probably 
only a very small number of ulcer cases, 
indeed only the superficial and acute, are 
missed in the duodenum; proportionately 
many more gastric ulcers are undoubtedly 
overlooked in the roentgen-ray exami- 
nation. 

I quite agree with Berg when he says 
that a repeatedly negative roentgen-ray 
finding with this method excludes with a 
probability that borders on certainty a 
chronic, surgical ulcer and also with a 
fairly great probability an ulcer that 


requires medical treatment at the time of 


examination. 

Differential Diagnosis. The most im- 
portant conditions from the point of view 
of differential diagnosis are: (1) affections 
of the gall bladder, (2) periduodenal 
adhesions without ulcer, (3) newgrowths 
in the bulb, (4) congenital duodenal 
diverticula. For all these affections may 
cause local roentgenological changes in 
the bulb and in the rest of the duodenum, 
changes which in some cases resemble 
closely the appearance of ulcer. Clinically 
it is often impossible to differentiate 
these conditions which may present similar 
subjective symptoms. It is particularly 
important, therefore, to attempt to estab- 
lish the differential diagnosis by roentgen- 
ray examination and this is nearly always 
possible by a detailed local study. 

(1) The commonest bulbar deformity 
in cholecystopathy is a broad rounded 
impression usually within the lateral or 
anterior bulbar wall, sometimes at the tip 
of the bulb and sometimes encroaching 
upon the terminal part of the stomach. 
In order to determine whether such an 
impression is occasioned by an enlarged 
or filled gall bladder it is very important 
to examine the patient carefully in the 
second oblique position in order to project 
clearly the anterior bulbar wall facing the 
gall bladder. It is further necessary to 
observe how this impression behaves with 
the patient in different positions and on 
manual displacement. A cholecystrogra- 
phic examination may often yield further 
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information. A normal gall bladder may 
also, though rarely, give rise to an impres- 
sion on the bulb, as may also a lobe of 
the liver or hard scybala in the colon. 
The impression caused by the gall bladder 
resembles to some extent a retraction of 
the bulb; in the first place, however, it 
does not occupy the site of predilection 
of the retraction, but instead the anterior 
or lateral bulbar wall; further, it does not 
possess the well-marked flattened shape 
of the typical retraction, but instead an 
evenly rounded, concave shape correspond- 
ing to the size and shape of the gall bladder; 
finally, it can be shown by manual displace- 
ment and a change of the patient’s position 
that the impression can move in relation 
to the bulb and perhaps disappear alto- 
gether; this shows that we are dealing 
with a change in form that must be due 
to factors outside the bulbar wall. 

In rare cases of dilatation of the ductus 
choledochus there may be seen a fairly 
coarse grooved impression riding obliquely 
across the top of the bulb at the site where 
normally a small incisura, occasioned by 
the common duct, may be rarely found. 

(2) In the case of periduodenal adhesions 
without ulcer or in pericholecystic adhe- 
sions it is often surprising how completely 
lacking deformities of the bulb may be 
even though the bulb be quite embedded 
in adhesions. In other cases one finds 
contractions of the bulb, caused by stran- 
gulation, which clearly vary on change of 
position and which may even be quite 
obliterated in certain positions. In those 
cases where certain difficulties may present 
themselves in the making of the differential 
diagnosis one is often helped by simul- 
taneous diminished displaceability, most 
often of a dextrofixation type and the 
absence of a typical ulcer deformity. 

(3) Newgrowths in the bulb are rather 
rare. It is generally a question of papil- 
lomata, sometimes of polypi arising from 
the end of the canalis or pylorus; these 
polypi are forced out into the bulb by 
peristalsis, where they are freely movable, 
as can be seen directly on palpation under 
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screening. The newgrowths belonging to 
the bulbar wall present the rather char- 
acteristic appearance of a rounded defect 
of the filling in the bulb not otherwise 
deformed. Berg has described a somewhat 
similar appearance in the prepyloric region 
in cases of enlarged perigastric glands 
which on compression roentgenograms may 
give rise by indentation to rounded defects 
in the relief roentgenogram. 

(4) Congenital duodenal diverticula 
practically do not exist within the bulbar 
area; | have only on one occasion observed 
and diagnosed such a condition in the 
upper part of a bulb otherwise not de- 
formed; this case was verified at operation. 
On the other hand it happens not infre- 
quently that diverticula extending by 
narrow indistinct pedicles from the upper- 
most part of the descending portion of 
the duodenum or from the end of the 
duodenum in the neighborhood of the duo- 
denojejunal flexure, become projected close 
to, or within, the bulbar area, and these 
shadows may be interpreted falsely as 
niches. Examination in different projec- 
tions and with compression should solve 
the question. In the area of the superior 
duodenal flexure and the upper part of 
the descending portion of the duodenum 
ulcers are very rare but diverticula of 
rather common occurrence. Here as else- 
where the ulcers will be found to extend 
with a broad base from the duodenal 
lumen surrounded by a clear ridge and 
often accompanied by a _ corresponding 
contraction of the intestinal lumen (Figs. 
53, 54). The duodenal diverticula lack the 
surrounding ridge and the corresponding 
contraction; they do not originate by a 
broad base from the duodenal lumen but 
by a narrow pedicle within which it is 
often possible to demonstrate by the com- 
pression technique longitudinal soft folds 
of the mucous membrane. 

Clinical Importance of Bulbar Analysis. 
It is not only in the diagnosis, including the 
differential diagnosis, of duodenal ulcer 
that a precise roentgenological analysis 
of the bulb is of the greatest importance 
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but also in the various other questions per- 
taining to the clinical picture of the disease, 
that the roentgenological study of the 
bulb is in many cases of very great value: 
questions, such as the frequency of the 
duodenal ulcer, its various types, the 
typical periodicity of its course, the choice 
of suitable methods of treatment and 
control of the therapeutic results. 

The frequency of proved cases of duo- 
denal ulcer has increased enormously by 
the direct roentgen-ray method at the 
expense particularly of the gastric neuroses 
which have become more and more rare. 
Whereas seventeen or eighteen years ago 
the diagnosis of duodenal ulcers was only 
rarely established roentgenologically, at 
the present time with the improved tech- 
nique duodenal ulcer of all the diseases in 
the whole of the digestive tract has become 
the condition most frequently diagnosed 
by the help of the roentgen ray. 

In many cases the local roentgen-ray 
findings enable a differentiation between 
the various types of duodenal ulcer, viz., 
acute and more chronic, cicatricial shrink- 
ing types, simple and complicated forms, 
solitary and multiple ulcers, ulcers with a 
tendency to hemorrhage on the posterior 
wall and ulcers with a certain risk of 
perforation, deep niches stamped in a tap- 
like manner on the anterior wall. Many 
obscure clinical ulcer symptoms get cleared 
up only on roentgen-ray examination, such 
as severe left-sided pains and glycosuria 
in the case of ulcers affecting the pancreatic 
head either in the form of fibrous changes 
or penetration (Berg) and various biliary 
symptoms in the case of ulcers with 
shortening of the bulb, obliteration 
of the superior duodenal flexure and 
dextrofixation. 

A periodic roentgen-ray control of the 
bulb may also to some extent cast light 
upon the tendency to periodicity of the 
disease. 

When the symptoms are most pro- 
nounced then the local roentgen-ray signs 
are as a rule very clearly marked; this is 
particularly true in the case of niches. 
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During an interval of abated symptoms 
the niches are generally lacking altogether 
or are at least as a rule diminished, the 
functional and transitory deformities have 
more or less receded while the changes 
occasioned by scar formations in the course 
of healing have not infrequently become 
agpravated. During periods of renewed 
symptoms I have in many cases come 
across fresh niches arising at new places in 
the bulb and in some cases I have observed 
a recurrence or an enlargement of the niche 
at the site of the old one. It is not unusual 
that a niche may persist, even if diminished 
in size, after the pains have completely 
disappeared, and that patients with 
obvious niches are on the whole free from 
pains. On the other hand there are a good 
many patients having ulcer with typical 
hunger pains in whom no roentgenological 
sign ‘of niche can be detected. No very strict 
connection, therefore, seems to exist be- 
tween niche and pain even if, when viewed 
on the whole, there is a certain parallelism. 

The roentgenological analysis of the 
bulb has perhaps its greatest value in the 
indications for treatment afforded in many 
cases. That the fresh, simple, uncompli- 
cated ulcer with accompanying functional 
and transitory deformities belongs to 
medical treatment is just as certain as 
that the cicatricial, fibrous, markedly 
shrunken forms of ulcers, perhaps com- 
plicated with diverticular formation and 
shortening of the bulb, demand surgical 
intervention. In the large group of cases 
lying between these extremes the practi- 
tioner, in choosing a trial medical treat- 
ment, obtains a valuable support in his 
choice of therapy by periodic roentgen 
control. One case may prove to respond 
to medical treatment; we may be able to 
verify under roentgen-ray study that in a 
couple of weeks the ulcer crater has per- 
haps rapidly diminished in size during the 
cure and in a month or two has entirely 
disappeared (see Figs. 33-36). In another 
case the ulcer crater may obstinately 
resist every effort of healing by medical 
treatment or the healing may take place 
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with a tendency toward such marked 
shrinkage and contraction as to require 
surgical interference. 

It seems quite possible that a still further 
developed and refined roentgenological 
analysis of the bulb may in time open up 
new roads for a continued research of peptic 
ulcer and thus contribute toward the 
solution of the many problems that remain 
to be solved. For it seems a very happy 
coincidence that precisely that limited 
area which above all constitutes the site 
of predilection of the peptic ulcer, namely, 
the duodenal bulb, is also that part of the 
gastroduodenal area where we now, thanks 
to the modern roentgenological method 
of examination in conjunction with favor- 
able anatomical conditions, are able to 
make our most reliable and most detailed 
observations and where we are able in 
the easiest and clearest manner to follow 
the development of existing changes. 
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CAMPIODOL (IODIZED RAPESEED OIL) 
ITS USE IN THE DIAGNOSIS AND TREATMENT OF INTRATHORACIC DISEASES* 


Wo. B. FAULKNER, JR., M.D., AND Mark ALBERT GLASER, M.D. 


SAN 
Fe and Glaser' first studies by Frazier 


and Glaser' first led to the synthesis 

of campiodol, and later to its clinical 
application in the diagnosis of neurological, 
genitourinary** and paranasal sinus‘ dis- 
orders. This work gave promise of the 
adaptability of the oil as an appropriate 
substance for the visualization of the 
tracheobronchial tree and for the study of 
intrapulmonary conditions. 

We have injected campiodol into the 
trachea and bronchi on 150 occasions 
without toxic effects, and have found it 
quite satisfactory. 

Properties of Campiodol: Campiodol is an 
iodized rapeseed oil of a light yellow color; 
it contains 43 per cent iodine and has a 
specific gravity of 1.289. Its viscosity is 
250 at 100°F. The oil is sufficiently viscid 
to coat the bronchial wall; it is thin enough 
to enter the minor bronchial openings, is 
free from general and local irritative 
properties, and casts a clear-cut shadow on 
the roentgen plate. The name, “Camp- 
1odol”’ is derived from the Latin, brassica 
campestris, one of the plants from which 
rapeseed oil is obtained. 

Indications for the Use of Campiodol in 
Chest Conditions: The indications for the 
use of campiodol in chest conditions are the 
same as those given by Sicard and Fore- 
stier,>-’ Singer and Francis* for other 
iodized and bromized oils. It is intended to 
localize intrathoracic disease, to determine 
the type and extent of the lesion, and 
thereby to aid in outlining rational treat- 
ment. Without iodized oil, accurate diag- 
nosis and localization may be impossible 
because of thickened pleura, pulmonary 
fibrosis or emphysema which, on physical 
examination and roentgen-ray study, tend 
to mask the true condition. 

Campiodol ts valuable also in the study 
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of those suppurative lesions which permit 
pus to spill about by internal drainage® 
within the lung. In such cases without 
campiodol injection a correct diagnosis is 
difficult because the abnormal physical 
signs and x-ray shadows often are noted at 
areas which are quite distant from the 
primary lesion. It is to overcome these 
pitfalls in diagnosis that campiodol is 
employed, and it is of especial use when the 
symptoms, signs or x-ray shadows leave 
any doubt as to the nature, location or 
extent of the disease. 

Contraindications in the Use of Camp- 
iodol: The oil should not be employed if 
there is a marked diminution of air flow 
associated with a low vital capacity, 
because under such circumstances the 
patient’s cyanosis and dyspnea would be 
aggravated greatly by the introduction of 
any type of oil into the tracheobronchial 
tree. It is advisable, therefore, to postpone 
the use of campiodol until after the acute 
symptoms have subsided. 

Method of Injection of Campiodol (warmed 
10 to 15 c.c. owl): 

A. Technique: The various methods 
which have been accepted for introducing 
iodized oil have been utilized. The particu- 
lar method employed in any instance is 
determined by the preference of the 
physician, the cooperation of the patient, 
and the type and probable position of the 
pulmonary lesion. Campiodol should be 
slightly warmed before injection so as to 
make the oil more fluid. It is necessary to 
inject 10 to 15 c.c. of campiodol to obtain 
satisfactory roentgen plates. 

B. Posture: The specific gravity of camp- 
iodol permits it to flow into the dependent 
areas; consequently, the patient must be so 
turned that the oil can gravitate to the 
region to be visualized. Injections of 
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campiodol are successful only when the 
examiner is familiar with the relative 
position of the various bronchial openings, 





Pie 


Fic. 1. Campiodol infection of right lung. (Mandelbaum 
catheter method.) Plate normal except for narrowing 
between middle and lower lobe bronchi p; ca cathe- 
ter in trachea; RM right main bronchus; ru right 
upper lobe bronchus (this bronchial opening almost 
directly across from bifurcation of trachea); M con- 
tinuation of right main bronchus; p point of division 
between middle and lower lobe bronchi. 


the general direction of the bronchial 
stems, and the portion of the lung to which 
each major or minor bronchial opening 
leads (Figs. 1-3). 

c. Fluoroscopy: By observing the pa- 
tient fluoroscopically during the injection 
of the oil, each unit of the tracheobronchial 
tree may be studied as it fills, and observa- 
tions may be made which would be im- 
possible from the study of a plain x-ray 
plate alone. 

Roentgen Plates: Immediately following 
the fluoroscopic instillation of campiodol, 
anteroposterior and lateral x-ray plates 
are taken with the patient in an erect 
position. For study of the upper lobes, the 
plates are taken with the patient lying 
flat so as to prevent the oil from spilling 
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from the upper lobe to the dependent 
areas. 

Clinical Application of Campidol: Camp- 


Fic. 2. Lateral view of normal right lung after campi- 
odol injection showing anterior direction of middle 
lobe bronchus M and posterior direction of lower lobe 
bronchus L. Ru right upper lobe bronchus; a anterior 
branches of upper lobe bronchus; p point of division 
between middle and lower lobe bronchi; Dotted lines 
indicate division of right lung into upper, lower and 


middle lobes. 


iodol has been employed to advantage in 
the study of patients with chronic bron- 
chitis, bronchiectasis, pulmonary abscess, 
bronchial fistula, bronchostenosis, tumors 
of the lung and mediastinum, and hernias 
of the diaphragm. 

Pulmonary Abscess: The attempt to fill 
an acute pulmonary abscess has been 
unsuccessful so frequently that the use 
of the oil is becoming less universal in 
these cases. This is regrettable because 
iodized oils often can furnish information 
which is essential in the diagnosis, treat- 
ment and progress of this condition. It 
localizes the abscess accurately when 
surgical drainage is contemplated and 
determines the proper position for effective 
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postural drainage by visualizing its relation 
to the bronchial outlet. 
We believe that by means of a pre- 
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Fic. 3. Campiodol injection of right lung (lateral view). 
Ru right upper lobe bronchial opening. D point at 
which middle m and lower lobe bronchial openings 
communicate to form common trunk. 


liminary bronchoscopic treatment to clear 
the passage away, and the use of proper 
technique, campiodol can be used success- 
fully in a majority of these cases. The 
intrabronchial pus may be removed by 
bronchoscopic suction and the diseased 
bronchial opening may be treated directly 
with cocaine, adrenalin and silver nitrate 
to restore Its patency. 

It is not unusual for an abscess of the 
upper lobe to give physical findings over 
the entire lung. Recently, we saw a patient 
of this type with a left-sided pulmonary 
abscess of eighteen months’ duration. In 
this instance it was impossible to localize 
it on the basis of physical findings alone. 
Campiodol injection demonstrated that 


this abscess was situated at the left apex 
and that the lower lobe was normal 
Fig. 4). 


When a pulmonary abscess is secondary 
to the direct extension of a mediastinal 
or subdiaphragmatic abscess, the localiza- 
tion of the original lesion may be deter- 
mined by the injection of campiodol. In 
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conjunction with diagnostic pneumothorax, 
iodized oil affords information not only as 
to the presence and location of associated 





Fic. 4. Pulmonary abscess of left upper lobe visualized 
with 15 c.c. campiodol. 


pleural adhesions, but also as to the 
influence of these adhesions upon the 
abscess itself. 

Bronchiectasis: The oil has proved most 
helpful in the diagnosis of bronchiectasis 
and in the differentiation of this condition 
from chronic bronchitis, chronic pulmo- 
nary abscess, pulmonary tuberculosis and 
asthma. Campiodol has enabled us to 
recognize unsuspected bilateral bronchi- 
ectasis and has guided surgical treatment 
(Figs. 5-8). Certain upper lobe bronchi- 
ectatic processes were not recognized on 
physical examination, or on plain x-ray 
plates until the introduction of campiodol 
(Figs. g and 10). 

Bronchostenosis: Following campiodol in- 
jection, a presumptive diagnosis of bron- 
chostenosis may be made when the oil 
fails to enter a given bronchus (Figs. 11 
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Fic. 5. Bronchiectasis. Chest plate before injection of | Fic. 6. Same patient as Fig. 6 after campiodol injection. 
campiodol. Clinical diagnosis: Bronchiectasis and Note grape-like cluster of saccular bronchiectatic 
chronic emphysema. X-ray diagnosis: Infectious pockets partially filled with campiodol fluid levels. 
process at right base. Physical findings strikingly Left lung was not injected at this sitting, but appears 
similar over both lungs. clear. 

a 
. Fic. 7. (Same patient as Fig. 5.) Right lateral view after Fic. 8. (Same patient as Fig. 5.) Lateral view of left 
campiodol injection. There are a great number of lung. Upper lobe bronchi are normal. Marked saccu- 
clustered saccular bronchiectatic pockets filled with lar bronchiectasis of lower lobe. 


campiodol and occupying practically entire middle 
lobe Ms. Note campiodol filled saccular bronchiectatic 
l pockets with fluid Jevels at anterior portion of base of 

right upper lobe rus. Bronchi at base of lower lobe 
are well visualized. a, anterior chest wall. 
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Fic. 9. Campiodol injection of right Iung in patient who Fic. 10. Campiodol injection right lateral view of same 


has had partial posterior thoracoplasty. Arrow points 
to large dilated cylindrical and fusiform bronchi at 
base of right upper lobe which were not suspected 
before campiodol injection. Bronchi of lower lobe 
are normal. 








eter 





patient as Fig. 9. Bronchiectatic involvement limited 
to anterior portion of right upper lobe. 





Fic.t11. Bronchostenosis. Campiodol injection by crico- Fic. 12. Campiodol injection of right Jung (lateral 


thyroid puncture showing saccular bronchiectatic 
pockets (s) at posterior portion of right lower lobe. 
Middle lobe Mm is not visualized. Campiodol did not 
enter this area. Bronchoscopic examination con- 
firmed campiodol diagnosis of bronchostenosis caused 
by inflammatory edema. 
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view). Upper Jobe bronchi ru and lower lobe bronchi 
L are well visualized but middle lobe bronchus should 
normally be seen. p, point of division between middle 
and lower lobes. Ca, catheter in trachea. Broncho- 
scopic examination confirmed diagnosis of bronchial 
occlusion due to an inflammatory process. 
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and 12). There are many factors that roentgen shadows give even the least 
govern the good visualization of the _ suspicion of a growth (Figs. 13-16). 








lung and the iodized oil injection usually 





Fic. 13. Left main bronchus and left upper bronchus 
(Lu) outlined by campiodol. No campiodol entered 
left lower lobe bronchus (LL). c, carina (bifurcation 
of trachea). Bronchoscopy confirmed campiodol 
diagnosis of left lower Jobe bronchial occlusion. 
Occlusion due to primary carcinoma of bronchus. 


does not give definite information as to the 
nature of the occlusion. Consequently, 
bronchoscopic examination should be em- 
ployed to permit direct inspection of the 
occluded area. The combined use of 
bronchoscopy and campiodol cannot be 
too strongly recommended in these cases. 

Intrabronchial Tumors: lodized oils 
should not be relied upon in the diagnosis 
of intrabronchial tumors because the tumor 
may be so small, or situated in such a 
position that the oil fails to reveal it. 
Bronchoscopic examination is the most 
valuable diagnostic procedure in these 
cases. By this means a very small tumor 
may be detected and a biopsy obtained 
long before abnormal physical signs, or 





Empyema and Bronchial Fistula: In the 


Fic. 14. Primary carcinoma of bronchus. (Same patient 
as Fig. 3.) Lateral view after campiodol injection 
showing funnel-shaped left lower lobe bronchial 
occlusion (LL) caused by primary carcinoma of 
bronchus. Lu, left upper lobe bronchi. 


investigation of patients who have chronic 
empyema, the use of campiodol should be 
limited to those in whom the physical signs 
and x-ray findings are inconclusive as to 
the size of the empyema pocket, the extent 
of the lung expansion, the presence of a 
bronchial fistula, or the existence of 
underlying intrapulmonary disease. The 
oil is usually introduced through the 
drainage tube into the pleural cavity, but 
whenever the chest wall sinus has closed 
previously, campiodol is injected through 
the mouth. This permits a visualization of 
the lung so that the amount of lung 
expansion can be determined easily. If a 
bronchial fistula is present, the oil flows 
from the tracheobronchial tree into the 
pleural cavity (Figs. 17-21). 





Fic. 15. Campiodol instilled through bronchoscope into 
middle lobe bronchial opening overflowed in lower 
lobe bronchi without giving middle lobe visualization. 
This indicates an obstruction of middle lobe bronchus 
which was caused by tumor (tT). 


Fic. 16. Plain x-ray plate demonstrated large medi- 


astinal mass between trachea and left main bronchus. 
Campiodol injection of left upper lobe showed no 
involvement of bronchi or Jung itself. Bronchoscopy 
and diagnostic pneumothorax confirmed campiodol 
diagnosis of extrabronchial tumor. 





Fic. 17. Before campiodol injection showing left-sided 
empyema drained by catheter ca. Chest appears 
clear. No roentgenological evidence of unobliterated 
empyema pocket or bronchial fistula. On basis of 
clinical and x-ray findings the catheter would be 
removed. (Compare with Figs. 18 and 19.) 
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Fic. 18. (Same patient as Fig. 17.) Campiodol injec- 


tion through drainage tube into left pleural cavity. 
Residual empyema pocket (£) is present. Bronchial 
fistula present and permit oil to flow into bronchi of 
left lower lobe (LL), and across into right lung to 
faintly visualize lower portion of right upper lobe 
(ru), and point of division between right middle and 
lower lobe (bp). 











Fic. 20. Same patient as Fig. 18, three weeks later. 
Campiodol injection into pleural cavity. Empyema 
pocket practically obliterated. 


Fic. 19. Plain x-ray plate of same patient (Fig. 18) 
taken three weeks Iater. Note small tube draining left 
pleural cavity. 





: . Fic. 21. Campiodol injection in patient with right- Fic. 22. Campiodol injection of right middle and lowe: 
sided chronic empyema. Presence of bronchial fistula lobe bronchi. Shadow u at lower anteror portion of 
suspected. Oil introduced through mouth into chest due to hernia of diaphragm. Middle lobe raised 
tracheobronchial tree. Bronchi on right side well by hernial protrusion and lower lobe bronchi 1 
visualized; lung has not expanded sufficiently to pushed posteriorly. u.t., bronchus to lower portion 
reach lateral chest wall; no evidence of bronchial of upper lobe. 

oo fistula. LE, lung edge; ru, right upper lobe bronchus; 


D, point of division between middle and lower lobe 
bronchi; ca, catheter draining empyema pocket. 
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Hernia of the Diaphragm: Campiodol 
often permits a recognition of these con- 
ditions by visualizing the displaced bron- 
chial trunks upon which the hernial sac 
encroaches (Fig. 22). 

Treatment: A few patients had temporary 
relief from symptoms following the injec- 
tion of campiodol. This relief did not 
persist and was not always obtained 
following the second injection. 


Faulkner & Glaser—Campiodol 
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CONCLUSIONS 


1. Campiodol (iodized rapeseed oil) is 
inert, non-irritating and non-toxic, and 
possesses good shadow-casting properties. 

2. Campiodol is of definite value in the 
diagnosis of intrathoracic diseases. 

3. Campiodol has been used successfully 
to visualize the tracheobronchial tree in 
150 occasions. 
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FACTORS CONCERNED IN DETERMINING 


THE CHRONICITY OF ULCERS IN THE STOMACH AND 
UPPER INTESTINE 


1. SUSCEPTIBILITY OF JEJUNUM TO ULCER FORMATION 
2. EFFECT OF DIET ON HEALING OF ACUTE GASTRIC ULCER 


A. C. Ivy, PH.p., M.D., AND G. B. FAuLEy, M.s., M.D. 


CHICAGO, ILL. 


O one who has devoted considerable 
time to the investigation of the 
etiology of ulcer of the stomach and 

upper intestine believes that the problem 
is settled. It is known that a number of 
factors may be responsible for the develop- 
ment of the acute lesions and for delaying 
their healing. Which is the factor of prime 
importance, or whether there is a single 
factor of prime importance, is a question 
that cannot be answered with certainty 
at the present time, in spite of the great 
amount of investigative work that has been 
done. 

It is granted by practically every investi- 
gator that acute lesions of the gastric and 
duodenal mucosa produced experimentally 
in “normal” men and animals heal rapidly; 
and, as Aschoff! has remarked, ‘“‘One 
asks in amazement, why, with the marked 
healing power of the gastric mucosa, ulcers 
develop at all, and why all erosions of the 
stomach mucosa do not result in healing.” 

Our observations on the genesis of ero- 
sions have been reported previously?‘ 
and can be summarized by the statement 
that a procedure which causes spasm or 
violent contractions of the musculature 
produces hemorrhages into the mucosa, 
which in the presence of digestive juices 
are converted into erosions or superficial 
ulcers of variable depth and size depending 
on the extent of the hemorrhage. A diagram 
by Smithies® and the discussion of Aschoff! 
clearly elucidate this view. 


INFECTION 


It has been abundantly demonstrated 
by numerous workers, more recently by 


Nickel and Hufford® and Saunders,’ that 
streptococci can be isolated from most 
ulcers of the stomach and duodenum and 
that the intravenous injection of such 
organisms causes acute lesions of the 
mucosa. The mechanism by which these 
organisms operate to produce the lesion 
is a mooted point. They may operate by 
“specific elective affinity,” by serving as 
emboli, or by causing gastric or duodenal 
spasms which cause petechial hemorrhages 
that become secondarily infected. Our 
observations support the latter view, since 
histamine,® toxins,' foreign protein’ and 
injections of various things which cause a 
fall in blood pressure produce either 
asphyxial or “drug-like’® spasms of the 
musculature analagous to those which 
occur in vomiting. We should like to point 
out that this view is not entirely incom- 
patible with the “specific elective affinity” 
view, since one organism may produce 
more of the spasm-exciting substance than 
another and the degree of spasm may vary 
from animal to animal. 

We have prepared dogs with a pouch of 
the pyloric antrum? and have injected 
streptococci isolated from two human 
gastric ulcers by the Rosenow technique 
and virulent streptococci from a case of 
osteomyelitis. In the pyloric pouch one 
can control all factors and can observe at 
will the results. The cultures were injected 
in the epiploic arteries of the pouch and 
submucosally in 5 dogs each. Only local 
areas of edema and congestion resulted 
which disappeared within three days. The 
virulent streptococci when injected intra- 
peritoneally killed dogs in eighteen hours, 


* Read at the Thirty-third Annual Meeting of the American Gastro-Enterological Association, Atlantic City> 
May 5 and 6, 1930. 
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when injected submucosally in the pouch 
caused a marked congestion and edema 
which disappeared in four days, and when 





Fic. 1. Chronic ulcer in rabbit’s stomach produced by 
excising mucosa and closing muscularis and serosa 
with silk and placing animal on rough diet. This 
particular animal was on a diet of dry rolled oats. 
A gut suture proved to have same effect as a silk 
suture. 


injected subcutaneously produced a huge 
abscess. Previously* we manipulated acute 
ulcers produced by excision with various 
virulent organisms and found no delay 
in healing that could not be accounted for 
by the mechanical effect of the manipu- 
lation itself. Saunders’ attempted to di- 
rectly infect the gastric mucosa with the 
organism he studied, but obtained negative 
results. He pointed out that this strongly 
suggests that those experimenters who 
have produced erosions and small ulcers 
by injecting broth cultures were obtaining 


a foreign protein anaphylactic type of 


reaction which is produced with peptone. 
Since it was impossible for us to produce 
ulcer by directly infecting the pyloric 
mucosa of dogs with organisms isolated 
from human gastric ulcer or by virulent 
organisms from other sources with all 
other possible factors controlled, we can 
only conclude that if chronic ulcer of the 
stomach is due to infection, either the dog 
has a high natural immunity which we 
doubt, or a very highly specific organism 
is required, or other essential factors must 
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be associated with the infection. It is 
possible that an infection of the tissues 
about an acute ulcer may cause production 
of connective tissue or inhibition of prolifer- 
ation of mucosal cells, which in the pres- 
ence of other factors conducive to chronic- 
ity will result in a chronic ulcer. 


MECHANICO-FUNCTIONAL FACTOR 


The mechanical factor is important in 
determining the healing time of an acute 
ulcer. It has been experimentally demon- 
strated that pyloric stenosis per se does 
not give rise to gastric ulcer,?: but given 
an acute ulcer, pyloric stenosis delays 
healing.*"!!? One of us* has shown, with 
other factors controlled, that manual 
manipulation of an acute ulcer in a pyloric 
pouch delays healing, but per se does not 
result in a chronic ulcer. Manipulation 
of the ulcer with cotton soaked with 0.4 
per cent hydrochloric acid‘ to the point of 
bleeding twice daily showed that healing 
was not prolonged longer than by simple 
manipulation. However, manipulation with 
acid caused the ulcers to bleed sooner than 
otherwise and the experiments should be 
repeated keeping the time factor constant. 

The clinical and pathological evidence 
bearing on the mechanico-functional factor 
is discussed by Aschoff,' who is an advocate 
of this view. That clinicians believe this 
to be an important factor is shown by the 
fact that all use in their management of 
ulcer patients a liquid or soft diet, with 
or without starvation and atropine, the 
diet frequently containing fat which when 
undigested inhibits motility and secretion. 
In addition, it is well known that coarse 
particles of food remain in the stomach 
longer than finely divided particles. 

In view of this evidence we decided to 
make a study of the consistency of the 
diet on the healing of acute lesions of the 
stomach. 

Roughage in Diet a Factor: We were 
stimulated by the work of Ferguson'® who 
reported that if a piece of mucosa were 
excised from the stomach of rabbits and 
the incision in the muscularis and serosa 
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closed with a silk suture, and the rabbits 
kept on a stock diet of hay, oats and 
carrots, a chronic ulcer would result which 
in some cases would remain for from two to 
eight months or even longer. 

Our observations'* can be summarized 
as follows: A simple ulcer of the rabbit’s 
stomach from 1.5 to 2.0 cm. in diameter 
produced by excision heals in thirty days 
irrespective of the consistency of the diet. 
A similar ulcer, but with a silk or chromic 
gut suture in its base, will heal if the rabbit 
is fed a diet of milk, bread, and boiled, 
mashed carrots, but will tend to become 
chronic if the rabbit is fed a diet of hay, 
oats, and raw carrots (Fig. 1). The rough- 
age of the diet has an influence on the 
healing of an acute gastric ulcer, when other 
factors, such as the foreign body in these 
experiments, are operating simultaneously 
which tend to delay healing. 

This method renders it possible to 
study the food buffer and fat factors 
experimentally. 

The mechanical factor obviously operates 
through trauma by preventing the pro- 
liferating mucosal cells from gaining a 
foothold on the base of the ulcer and by 
causing local edema, bleeding or congestion. 


THE BLOOD FLOW AND FIBROBLASTIC 
REACTION FACTORS 


The fibroblastic reaction and the charac- 
ter of the blood flow about the edges of 
the acute ulcer must be considered in an 
analysis of the chronicity factors. It is 
well known that the fibroblastic reaction 
following trauma varies in different indi- 
viduals, some showing little and others 
excessive proliferation. The anatomical 
studies of Reeves" reveal that the regions 
of atypical vascularity, of poorest blood 
supply and of greatest fixation of the 
stomach and duodenum are those regions 
in which ulcers are most commonly found." 
It is well established that experimental 
acute ulcers of the fundus heal more rapidly 
than ulcers of the pylorus, lesser curvature 
and first inch of the duodenum; and 
Morton” has found that ulcers of the 
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pylorus and lesser curvature show greater 
tendency to become chronic. Dragstedt and 
Vaughan?’ have found that if a silk suture 





Fic. 2. Ulcer (just inside of dotted line) that occurred 
along suture line in gastric operation in which too 
much umbilication or infolding of mucosa was done. 


is placed in the base of an acute gastric 
ulcer in the dog, an indurated ulcer fre- 
quently results as was found by us in the 
work referred to previously on rabbits. 
Chronic ulcers of the stomach and intestine 
can be produced with x-rays. X-rays first 
cause a delay in fibroblastic prolifera- 
tion'’’-*? and later there results an over- 
production which leads to an indurated 
ulcer that does not heal readily. The 
epithelial cells, of course, as well as the 
blood vessels are affected. In the course of 
our work on gastric secretion, we have 
performed many operations on the stomach 
in which we used silk as a suture material. 
No ulcers have ever occurred along the 
line of incision unless a portion of the 
gastric mucosa a centimeter or more in 
length is umbilicated into the lumen of the 
stomach. When this is done, a typically 
chronic indurated ulcer results in the 
umbilicated portion along the suture line 
(Fig. 2). The factors concerned are, we 
believe, (a) connective tissue proliferation 
about the silk suture, (b) congestion of the 
mucosa due to the umbilication, and (c) 
greater exposure of the umbilicated mucosa 
to mechanical trauma. (This is analogous 
to the suture line ulcer following gastro- 
enterostomy, we believe.) Excessive con- 
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nective tissue proliferation about the ulcer, 
we believe, reduces the functional blood 
supply to the mucosal cells which must 





Fic. 3. Ulcers, “kissing’’ in type, which occurred 
spontaneously in a dog which died three months 
after common bile duct ligation. 


proliferate and grow in order to heal the 
defect. It also decreases the local motility 
of the mucosa and exposes it to greater 
mechanical trauma. 


ALLERGY 


Shapiro and Ivy** were able to produce 
acute ulcers of the gastric and duodenal 
mucosa in dogs on applying the principle 
of local anaphylaxis, but were unable to 
cause them to become chronic by continued 
application of the antigen because of 
desensitization. Although they were unable 
to obtain chronic ulcers they suggested 
that chronicity may be established in 
man by a repetition of local reactions until 
irrevocable fibrosis develops. 


NUTRITION 


One of us has shown that experimental 
acute ulcers of the stomach and duodenum 
heal slowly or become chronic when 
produced during a period in which the 
dog is suffering from some infectious disease, 
nutritional disturbance, or disturbance of 
normal digestion, such as distemper, com- 
mon bile duct ligation, pancreatic duct 
ligation, Eck fistula or a poorly functioning 
gastroenterostomy.”* Besides the data 
previously recorded we have found at 
autopsy spontaneous ulcers of the “kiss- 
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ing’? type in 2 dogs with common duct 
tied (Fig. 3) and in 6 dogs out of 61 (Fig. 4) 
in which the pancreatic ducts were tied, 





Fic. 4. Ulcers, “kissing” in type, which occurred 
spontaneously in a dog which died two months after 
ligation of pancreatic ducts. Six ulcers were found 
in 61 dogs so operated. 


and a single chronic perforating ulcer in 
2 Eck fistula dogs. Berg, Johnston and 
Jobling** observed a high percentage of 
ulcers in dogs with a biliary fistula. In 
a dog with a pyloric pouch and during an 
attack of diarrhea of unknown etiology 
which lasted about one week, we excised 
a piece of mucosa I cm. in diameter. 
This ulcer persisted for seven months when 
the animal was killed. 

Although we believe the nutrition or the 
general condition of an animal to be an 
important factor in the chronicity of 
experimental ulcer, we realize that it is 
not a factor which operates in many human 
cases of ulcer and does not satisfactorily 
explain certain types of experimental ulcer 
to be discussed later in this paper. 


CORROSIVE OR IRRITATIVE ACTION OF 
GASTRIC CONTENTS 


The irritative or corrosive action of gas- 
tric contents is a generally accepted factor 
in determining the chronicity of ulcer. 
It might seem obvious to some that it 
should be considered as a prime factor. 
However, there is experimental evidence 
which questions the possibility of its being 
a prime factor. Acute lesions of the mucosa 
of the stomach and duodenum of normal 
man and dog heal quite rapidly in spite 
of the corrosive action of gastric juice. 
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Mann* has transplanted jejunal mucosa 
into the anterior wall of the stomach 
without obtaining ulcers, which we have 
confirmed in 4 dogs, our transplants being 
made from 1% to 1 in. proximal to the 
pyloric sphincter. Dragstedt and Vaughan" 
have exposed the mucosa of various parts 
of the alimentary canal, and the par- 
enchyma of the spleen and kidney to the 
action of gastric contents without obtaining 
corrosive lesions (also see Ref. 26). Neche- 
les, Ling and Fernando” have implanted 
kidney, liver and omentum into the upper 
duodenum and jejunum of dogs without 
digestion. The tissues just mentioned are 
not digested as long as they have an intact 
circulation, whereas skin, muscle, bone and 
connective tissue are digested without 
regard to blood supply. de Takats and 
Mann* made transplants of jejunum into 
the lesser curvature of the stomach and 
observed the development of ulcer in the 
transplant in 3 out of 25 experiments. 
Although they claim the blood supply was 
intact in all cases, one cannot feel certain 
that the blood supply was not disturbed, 
in the cases in which ulcer developed, by 
the peristaltic activity and incident tugging 
on the pedicle of the transplant with it in 
such an anatomical position. The protective 
mechanism of the tissues which resist both 
gastric and pancreatic digestion is still a 
matter for speculation, but all agree that 
it is intimately associated with an active 
circulation of blood. 

There is considerable evidence indicating 
that the corrosive action of gastric juice 
is a'factor in chronic ulcer. Normal/1o 
HCI and gastric juice are known to be 
irritating to intestinal mucosa, even though 
the mucosa can neutralize considerable 
acid.”® In the course of our work on gastric 
secretion we have had occasion to apply 
gastric juice to the mucosa of pouches of 
the pyloric antrum, duodenum and jeju- 
num, and have observed that pure gastric 
juice will usually within a half-hour cause 
the jejunal mucosa to bleed, a longer time 
being required to cause bleeding from the 
duodenal mucosa. The pyloric mucosa 
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does not bleed readily when gastric juice 
is applied to it, but either daily application 
of N/1o HCI after several days, or appli- 





Fic. 5. Jejunal ulcers, following anastomosis of end of 
stomach to side of jejunum and diversion of alkaline 
juices to ileum. Ulcers occurred in 5 of 11 dogs. 
When duodenum was used instead of jejunum ratio 
was 2 ulcers in 40 dogs. 


cation of the acid plus manipulation will 
cause it to bleed.*:*! Bleeding from the 
intestinal mucosa is also caused more 
readily with N/1o0 HCl than with gastric 
juice. Further, many clinicians insist that 
alkalies favor the healing of ulcer in man, 
and Dragstedt and Vaughan'* found that 
alkalies facilitated the healing of the ulcers 
produced by their method. However, 
it should be pointed out that alkalies affect 
the motor activity of the stomach as well 
as neutralize acid, and numerous clinicians 
report healing of ulcer under managements 
that do not include alkalies. The first most 
convincing evidence supporting the view 
that the corrosive action of gastric juice 
is a factor is found in the experiments of 
Mann and Williamson.*? They diverted 
the pancreatic juice and bile to the lower 
ileum and observed ulcers to appear in the 
intestine near the site of the gastro- 
enterostomy. Since they occurred rather 
constantly in a particular region, they 
believed that a mechanical factor was also 
operating. This view is supported by the 
more recent observations of Morton” in 
which he found that if measures were used 
to introduce alkalies in the region of the 
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TABLE I 


SHOWING INCIDENCE OF INTESTINAL ULCER FOLLOWING 
VARIOUS GASTROINTESTINAL OPERATIONS 



































Per- 
, No. of 
Operation Ulcers cent- 
Dogs 
age 
1. Gastroduodenostomy, end of stomach 
to side of duodenum. Large orifice..... 30 0 ° 
i. Same as 1 but using clamps.* (The 
five dogs did not do well after the oper- 
MN ctcekwavGaeeeeda heeds dense ' 40 5 12.5 
11. Gastroduodenostomy, end-to-end. 
(The ulcer dog had a stenosis with 
hypertrophy of the stomach.)......... 5 I 20 
iv. Duodenoesophagostomy. (Gastrec- 
i a) ca Cia RRR hee ee ee ne a 14 oO oO 
v. Same as1 but with drainage of alkaline 
juices to lower ileum................- 20 2 10 
vi. Gastrojejunostomy end of stomach to 
side of jejunum with large orifice. 
Drainage of alkaline juices to ileum.... 11 5 45 
vu. Gastrojejunostomy, end of stomach 
to end of jejunum. Drainage of alkaline 
RNIN ios dn reaeaue ee aen ns 4 4 100 
vu. Gastrojejunostomy, end of stomach 
to end of jejunum. Drainage of alkaline 
SUOSS BO SEOMRRER. 2c ccccccsccsccsese 12 2 16 
1x. Same as vil but drainage to ileum 
established four months after operation 
in vi had been done............++++ 8 7 87 
x. Duodenojejunostomy, about 1 in. from jejunal 
pyloric sphincter. Drainage of alkaline ulcers 
I Jn SU eawehew eee aun II 8 72 





* This is the only time clamps were used and care was exercised 
not to traumatize with forceps and fingers. 


ulcer or to reduce the force of the ejection 
of acid chyme healing occurred. 

On a number of occasions one of us (Ivy) 
has publicly announced the belief that the 
ulcers of Mann and Williamson and Mor- 
ton were due to the initial trauma with 
fingers or instruments which caused an 
acute lesion and which would not heal 
because of the disturbance of digestion and 
nutrition caused by diverting the pan- 
creatic juice and bile to the lower ileum, 
or the prime factor in the genesis of these 
ulcers was a disturbance of nutrition and 
not acid. Although we maintain that this 
nutritional factor must always be kept in 
mind, we no longer hold that opinion. 
Our former opinion was based on the 
following evidence: (1) It had been shown 
that an acute lesion produced in dogs with 
pancreatic ducts ligated either became or 
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tended to become chronic. (2) It was 
subsequently observed by us that ulcers 
occurred (6 out of 61 dogs) spontaneously 
after ligating the pancreatic ducts and that 
5 out of 6 of these ulcers were of the “‘kiss- 
ing” type and occurred at the point where 
the duodenum is grasped with the fingers 
to dissect out the lesser duct (Figs. 3 and 
4). Also, spontaneous ulcers were occa- 
sionally found in dogs after such operations 
as common duct ligation, Eck fistula oper- 
ation and right adrenalectomy in which 
pressure is sometimes exerted on the 
duodenum during the course of the oper- 
ation. (2) Further, ulcers were found? 
in 5 out of 40 dogs in which a gastro- 
duodenostomy had been done with the 
use of a clamp on the duodenum (Table 1), 
and the ulcers occurred only along the 
clamp line and in dogs that did not do well 
postoperatively, which has been confirmed 
in part by Gallagher.** (3) In addition, 
Balfour, on reviewing 270 cases of gastro- 
jejunal ulcer in man, found that in one- 
fifth of these cases no free HCI was found 
on repeated gastric analysis. (4) And 
finally, one of us, (Ivy) has performed 20 
gastroduodenostomies of the Polya type, 
end of stomach to side of duodenum 
(stomach sectioned 1 in. proximal to 
pyloric sphincter), in which a clamp was 
not placed on the duodenum and special 
care was taken to avoid trauma to the 
mucosa, and in which the bile and pan- 
creatic juice were diverted into the last 
15 in. of the ileum, with the result that 
only 2 ulcers occurred (Table 1, Fig. 10). 
We no longer hold the opinion expressed 
before for the following reasons: (1) We 
have repeated with the same technical care 
the experiment of Mann and Williamson 
of making an end-to-end gastrojejunostomy 
with surgical drainage of the duodenum 
and have confirmed their findings (Table 
1), and ulcers occurred in some dogs that 
maintained their body weight fairly well. 
(2) Mann and Morton have shown that 
if after the ulcer has appeared in their 
experiment, they divert the gastric con- 
tents to a new point in the jejunum, the 
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ulcer heals and a new ulcer occurs at the 
site of the second anastomosis. (3) And 
finally, by using two different types of 
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the duodenal mucosa (Table 1) (Figures 
11 and 12). 
Gastrectomized Dogs: Duodenoesophogeal 





Fic. 6. Four ulcers in jejunum with end-to-end gastro- 
jejunostomy which developed after diversion of 
alkaline juices from the stomach to the ileum. 1 is 
site at which alkaline juices had been diverted into 
stomach, not an ulcer. No ulcers developed while 
alkaline juices were being emptied into stomach; 
but ulcers 2, 3, and 4 and 5 developed two months 
after alkaline juices were diverted into ileum. 6 is 
line of anastomosis. 


technique to be described later, we have 
obtained jejunal ulcers in dogs whose body 
weight was not markedly disturbed until 
after the ulcer was well under way, again 
confirming the findings of Mann. 


MUCOSAL SUSCEPTIBILITY 


Mucosal Susceptibility vs. Gastric Motor 
Drive vs. Irritating Properties of Gastric 
Contents: Observations cited before (Fig- 
ure 10) and to be cited later in this section 
of our paper caused us to ascertain whether 
or not the jejunal mucosa was more sus- 
ceptible to ulcer producing factors than 


Fic. 7. Single ulcer in jejunum with end-to-end gastro- 
jejunostomy which developed after diversion of 
alkaline juices from stomach (1) into ileum. 3 is 
line of anastomosis. 1 not an ulcer, but lumen of 
jejunal stump. 


anastomoses have been performed in 14 
dogs which have lived from seven months 
to five years. The dogs were fed ground 
meat (brought to the boiling point), 
bread and milk. No duodenal ulcers devel- 
oped in these dogs, which shows that the 
food itself is not irritating to the duodenal 
mucosa. 

Gastroduodenostomy End-to-end: In five 
dogs we simply cut through the pyloric 
sphincter and resutured. One of the 5 
dogs developed a duodenal ulcer and died 
of a perforating gastric ulcer. This dog 
developed a pyloric stenosis with hyper- 
trophy of the stomach which possibly 
accounts for the ulcers. The 4 other dogs 
lived for one year without developing 
ulcers. This shows that one must be careful 
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in making such an anastomosis, and to 
avoid stenosis and gastric retention. 
Gastrojejunostomy End-to-end with Drain- 
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Gastrojejunostomy End of Stomach to 


Side of Jeyjunum with Drainage of Duodenum 


into Ileum: Since we obtained such a low 





Fic. 8. Single ulcer in jejunum with end-to-end duo- 
denojejunostomy and diversion of alkaline juices to 
ileum. 1, pyloric antrum; 2, pyloric sphincter; 3, 
duodenum (fissure due to formalin fixation); 4, Jine of 
anastomosis of duodenum to jejunum; 4, ulcer in 
jejunum 1 cm. below line of anastomosis. 


age of Duodenum into Ileum: In 4 dogs the 
Mann and Williamson technique was 
followed by anastomosing the jejunum 
to the pylorus, end-to-end, and draining 
the duodenum into the last 15 in. of the 
ileum (Figure ros). All 4 dogs developed 
perforating jejunal ulcers. As was found by 
Mann and Williamson, one can diagnose 
the time of occurrence of the ulcer by 
vomiting, anorexia, slow eating and inter- 
mittent eating and loss of weight. 

Since we were very careful not to 
traumatize the jejunal mucosa and because 
of the striking confirmation of the results 
of Mann and Williamson and Morton, 
we did ‘not operate a larger group of dogs. 


Fic. 9. Single ulcer in jejunum with end-to-end duo- 
denojejunostomy and diversion of alkaline juices to 
ileum. t pyloric antrum; 2, pyloric sphincter; 3, 
duodenum; 4, line of anastomosis; 5, ulcer in jejunum 
upper edge at line of anastomosis. Base of this ulcer 
was formed by distal blind end of duodenum. 


percentage of ulcers when the end of the 
stomach was anastomosed to the side of 
the duodenum with drainage of pancreatic 
juice and bile to the ileum, we decided to 
perform the same operation with the 
modification of anastomosing the stomach 
to the jejunum. We thought, which is 
likely, that when the end-to-side anastomo- 
sis is made instead of the end-to-end, the 
gastric motor drive and gastric retention 
are less which might account for the small 
percentage of ulcers. 

So we anastomosed the end of the 
stomach to the side of the jejunum and 
diverted the alkaline juices to the ileum 


in 11 dogs. Jejunal ulcers occurred in 5. 
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The dogs developed the ulcer and died in 
approximately two months. All dogs sur- 


vived the operation longer than six weeks, 


A. 





7 


Fic. 
beginning of duodenum; 


B. 


10. Different types of gastroenterostomy performed. a is the key to diagram B and c. 
3 and 4, site of end-to-side gastroduodenostomy; 5, and 6, site of end-to-end gastro- 
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drained the duodenum into the stomach 
about 1 in. proximal to the pyloric sphincter 
(Fig. 11B). After four months we _ per- 





1 pyloric antrum; 2 


jejunostomy. 7 last few inches of ileum, and 8 the caecum. B type of operation in which large percentage (80 
go per cent) (100 per cent in our series) of ulcers develop in jejunum at 6. This is the Mann and Williamson 
operation. C type of operation in which only a small percentage (10 per cent) of ulcers develop in duodenum 
at 4. Orifice in operation c larger than in B, also jejunum is used in B and mid-portion of duodenum in c. 


most of them for four months and one was 


killed at six months without an _ ulcer 
(Fig. 5). 
These results show, first, that the 


jejunum was more susceptible to the 
gastric contents than the duodenum when 
compared to the incidence of ulcer follow- 
ing gastroduodenostomy, and second, that 
the larger orifice which one produces when 
anastomosing the end of stomach to side 
of the intestine is a factor, since ulcers 
occur more frequently when the end of the 
stomach is anastomosed to the end of the 
jejunum than when the end of the stomach 
is anastomosed to the side of the jejunum. 
The results do not show whether the smaller 
orifice operates by causing retention which 
increases gastric acidity, or by increasing 
motor driv e. Both factors may be 
concerned. 

Gastrojeyunostomy End-to-end with Duo- 
denal Drainage into Stomach, then Later 
into the Ileum of the Same Dog: We desired 
to keep constant the jejunal susceptibility 
and orifice size factors and to vary only 
the duodenal drainage factor. In order to 
do this we anastomosed the end of the 
jejunum to the end of the stomach and 


formed a second operation at which we 
proved the absence of an ulcer, and trans- 
ferred duodenal drainage from the stomach 
to the ileum (Fig. 11c). Twelve dogs were 
operated, 2 dying of distemper sixty days 
after the first operation without ulcer. 
Two of the remaining 10 died of ulcer, 1 
at fifty-four days, the other at about four 
months after the first operation. The 
remaining 8 had no ulcer at the time of 
the second operation four months after the 
first operation. Seven of the 8 developed 
jejunal ulcer, 5 of the 7 perforating. The 
remaining dog died of inanition at fifty-five 
days without ulcer. The time of perforation 
after the second operation varied approxi- 

mately from a weeks to three months 
(Figs. 6 and 7). This shows, first, that a 
small these a of jejunal ulcers will 
result as a consequence of the operative 
procedure with the alkaline juices emptied 
into the stomach, and second, that in an 
attempt to control all factors and modifying 
only the point of entrance of the alkaline 
digestive juices, the jejunum manifests a 
susceptibility to the irritating action of 
gastric contents. It is true, however, that 
the second operation interferes more with 
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the nutrition of the animal than the first 
operation. * 
Duodenojejunal Anastomosis with Drain- 
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ulcer occurs in both duodenum and je- 
junum, it would mean that the acid factor 
was the chief cause. If an ulcer occurs 








Fic. 11. Type of operation performed. a, key to diagrams B and c. 1, pyloric antrum; 2, beginning of duodenum. 
3 and 4, proximal and distal end of sectioned jejunum. In B alkaline juices are drained into stomach for four 
months; then as in c they are drained into lower ileum. Incidence of ulcer in B, 16 per cent; in c, 87 per cent. 


age of Alkaline Juices to Ileum: From our 
study and that of Mann and his colleagues, 
it is quite evident that 3 factors have 
become paramount in the etiology of jejunal 
ulcer following gastroenterostomy, namely, 
the irritating action of gastric contents, 
gastric retention and motor drive, and 
jejunal mucosa susceptibility. 

In order to analyze these factors further, 
and in the same dog compare the sus- 
ceptibility of the duodenal and jejunal 
mucosa to gastric contents, we sectioned 
the duodenum from 34 to 1 in. below the 
pyloric sphincter, and anastomosed the 
jejunum to the duodenum and drained 
the alkaline juices into the last 15 in. of the 
ileum** (Fig. 12). The principle of the 
operation is that the acid factor is constant 
for both duodenal and jejunal mucosa and 
that the motor drive of the ejected con- 
tents should affect chiefly the duodenal 
mucosa. If an ulcer occurs only in the 
duodenal mucosa, it would be due to the 
acid plus the motor drive factor. If an 


* Marked enlargement of the colon was present in all 
dogs at second operation but had practically dis- 
appeared at time of autopsy. The dogs were fed a diet 
of yellow corn meal, bread and bone scrap soup. 


in the jejunal mucosa only, it would mean 
that its mucosa is more susceptible to the 
action of the gastric contents. 

Twelve dogs were operated on. One died 
at two weeks due to pernicious vomiting 
with no ulcer, and another died at five 
months without an ulcer. Of the remaining 
10, 8 died with perforating or fatal bleeding, 
jejunal ulcers. All the ulcers were in the 
jejunum, the cephalad edge being at the 
line of anastomosis in 4, and about 1 cm. 
below the line in 4 (Figs. 8 and g). Two 
were ulcer free when killed at eleven 
months. High gastric acid values were 
found in 3 dogs which were the only ones 
subjected to gastric analysis. But since 
Fauley and Ivy** have shown that ligation 
of the pancreatic ducts generally causes 
hypernormal gastric secretion, it can be 
assumed that all the dogs had acid gastric 
contents. The time of onset of the ulcers 
can be diagnosed quite positively by the 
symptoms of the dogs. The dogs dying 
from ulcer died from two and one half to 
six months after the operation. 

We believe that these results show that 
the jejunal mucosa of the dog is more 
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sensitive to the irritating action of the 
gastric contents than the duodenal mucosa, 
and that this sensitivity is of greater impor- 
tance than gastric motor drive, which, 
however, is shown to be a factor by the 
experiments cited before (Table 1) and by 
the experiments of Morton.” 


A VIEW CONCERNING THE GENESIS OF ULCER 
IN MAN 


As a result of the various experimental 
investigations on the problem of the genesis 
of gastric ulcer, we hold the opinion that 
the most common factor concerned in the 
genesis of gastric and duodenal ulcer in 
man is pylorospasm due to anxiety, 
worry, etc. 

Pylorospasm operates by augmenting 
or exaggerating the mechanical and chem- 
ical factors normally present during gastric 
digestion. Pylorospasm by mechanically 
rupturing a blood vessel causes a hemor- 
rhage into the mucosa which develops into 
an erosion or an acute ulcer on the diges- 
tion of the cells in the region of the hemor- 
rhage. This acute lesion does not heal 
readily because the pylorospasm causes 
gastric retention. 

Gastric retention augments and prolongs 
gastric motility which, along with insufli- 
ciently masticated or large pieces of 
indigestible residue, acts as a mechanical 
irritant (see experimental effect of manipu- 
lation of an acute ulcer). The motor drive 
of the stomach or the force of ejection of 
chyme is increased (see experimental effect 
of a small gastroenterostomy orifice). 
Gastric retention also causes a hypernormal! 
gastric acidity and prolongs the time of 
contact of gastric contents with the acute 
lesion which increases the irritating action 
of gastric contents on the acute lesion. 

It is believed that the same factors oper- 
ate along with mucosal susceptibility in 
duodenal and jejunal ulcers. The absence 
of an adequate formation of the alkaline 
digestive juices to neutralize the hyper- 
normal acid gastric contents and possibly 
the failure of their regurgitation into the 
upper duodenum and stomach toward the 
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end of the digestive period may be a 
contributory factor. 

In the dog and possibly in man a third 
factor (see the other chronicity factors 
discussed in this paper) is necessary, since 
pyloric stenosis per se definitely delays the 
healing of acute lesions but does not result 
in a permanent chronic ulcer of longer 
duration than approximately two months. 

This opinion is neither new nor original, 
but is supported by our own evidence and 
that of others. According to this view, ulcer 
of the stomach and duodenum in man is 
primarily due to a disturbance of gastric 
physiology. 


SUMMARY 


The following factors as determinants 
of chronicity of ulcer of the stomach and 
upper intestines have been discussed: (1) 
infection, (2) mechanical effect of food and 
motility, (3) blood flow and fibroblastic 
reaction, (4) allergy, (5) nutrition or diges- 
tive disturbance, (6) corrosive or irritating 
action of gastric contents, and (7) mucosal 
susceptibility. 

Experimental evidence is cited which 
shows that the roughage in or consistency 
of the diet in the presence of a factor con- 
ducive to connective tissue proliferation 
is conducive to the formation of a chronic 
gastric ulcer in rabbits. 

Experiments have been devised in an 
attempt to evaluate the mechanical, nutri- 
tional, chemical and mucosal susceptibility 
factors in the etiology of intestinal ulcers 
following gastroenterostomy. The evidence 
shows that all these factors operate and 
that the mechanical, chemical and mu- 
cosal susceptibility factors are the most 
important. 

On keeping the mechanical factor con- 
stant and varying the chemical factor (the 
change in the chemical factor leads to some 
change in nutrition, which could not be 
avoided in all animals), it is shown that 
the chemical factor is the most important. 

On keeping the nutritional factor con- 
stant and by analyzing the chemical, 
mechanical and mucosal susceptibility fac- 
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tors, it is shown that the jejunal mucosa is 
more sensitive to the irritating action of 
gastric contents than duodenal mucosa. 





Fic. 12. Duodenojejunostomy with drainage of alkaline 
juices to lower ileum. A is key to diagram B. I is 
first inch of duodenum. 2 is duodenum at point of 
entrance of common bile duct. 3 and 4 point in 
jejunum at which it was sectioned. Ulcers occurred 
only in jejunum at 4, with incidence of 72 per cent. 


The percentage of occurrence of ulcer 
following various types of gastroenter- 
ostomies in the dog shows that the size of 
the orifice is important and that the 
jejunal mucosa is much more likely to 
develop ulcers than the duodenal mucosa. 

The results of Mann and Williamson and 
of Morton on the occurrence of jejunal 
ulcer, following end-to-end gastrojejunos- 
tomy and drainage of the alkaline juices 
to the lower ileum have been confirmed. 

The experimental results on dogs show 
that for this animal at least a pyloroplasty 
or gastroduodenostomy is preferable to a 
gastrojejunostomy, and indicate that if a 
gastroenterostomy must be done in the 


human being, a pyloroplasty or gastro- 
duodenostomy is preferable to a gastro- 


jejunostomy so far as the occurrence of 
postoperative ulcer is concerned. 

Our view concerning the genesis of gas- 
tric and duodenal ulcer in man has been 
expressed and briefly outlined. 
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DISCUSSION 


Dr. THomas Brown: I would like to ask 
Dr. Ivy if he would be good enough to formulate 
for us his best method of preventing these 
ulcers, also the best dietetic procedure and the 
best surgical attack on an ulcer of this variety. 

Dr. AsHER WINKELSTEIN: I wish to add 
another to Dr. Ivy’s long list of interesting 
experimental variations. Last year, in some 
unpublished experiments, Dr. Eugene Klein 
and I varied the Mann operation in dogs. A 
duodenoileostomy was performed and _ the 
pyloric end of the stomach closed. A side to 
side gastrojejunostomy was then instituted. 
Our results tend to confirm Dr. Ivy’s findings. 
Of 5 dogs, only 1 showed a chronic, indurated 
ulcer; 2 had superficial erosions; 1 had a severe 
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jejunitis without ulceration; and 1 was normal 
after sixteen months. 

Would Dr. Ivy explain what he means by a 
nutritional factor? Does he mean under- 
nutrition due to lack of food absorption in the 
experimental state of these animals? 

Dr. W. L. Parmer: In the discussion of Dr. 
Ivy’s paper there are one or two things to 
which I should like to call attention. Gallagher 
of Chicago has been working on the problem of 
experimental jejunal ulcer following the Mann- 
Williamson operation and has confirmed the 
results of these investigators. Gallagher has 
also produced acute traumatic ulcers by the 
application of clamps to the jejunum and has 
found that such ulcers heal spontaneously in 
from ten to fourteen days. When traumatic 
ulcers of this type are produced in the jejunum 
in dogs in whom the Mann-Williamson opera- 
tion has been performed, the traumatic ulcers, 
as a rule, heal spontaneously but in 4 animals 
the traumatic ulcer became chronic. The 
significance of this has not yet been determined. 

Mann has shown that the ulcers which occur 
following the Mann-Williamson operation begin 
in the mucosa and extend into the wall of the 
bowel. This is a significant point for it shows 
that these ulcers are not embolic or toxic in 
origin. The process involves the mucosa first 
and then penetrates the deeper layers. 

Dr. Ivy (closing): It is very difficult to feed 
animals by any other route than by way of the 
stomach. That is one of the most difficult 
problems with which we have to deal in our 
laboratory. When we learn how to keep animals 
alive indefinitely by feeding through an intes- 
tinal fistula, then we can tell the clinician how 
to feed his cases of jejunostomy. 

We were led to do the work on the effect of 
diet on the healing of acute experimental 
gastric ulcer because it is pretty wel! estab- 
lished that the fundamental principle in the 
therapy of ulcer is to put the stomach at rest 
as far as possible by starvation and atropine, 
by frequent feeding of liquids and easily 
digested foods containing much fat, which in 
the undigested state inhibits motility and 
secretion, and by decreasing gastric motor 
activity by reducing the consistency of the 
food, omitting roughage and combating pyloro- 
spasm. Since no one had made an experimental 
study of the effect of the consistency of the 
diet on the healing of gastric lesions, we 
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desired to do so especially since large indi- 
gestible particles of food are known to remain 
in the stomach longer than smaller particles. 
It is only by such methods as revealed in our 
experiments that we can satisfactorily prove 
clinical impressions which not infrequently 
prove to be facts. 

The nutritional factor is evident or operates 
in animals which lose weight, due to some 
infectious disease, diarrhea, etc., or in animals 
in which there is a disturbance of digestion 
or metabolism such as occurs in bile fistula 
and pancreatic and bile duct ligation. Defective 
healing in such animals is manifested by slow 
healing of skin wounds and the appearance of 
skin ulcers over bony prominences. The funda- 
mental factor determining why they do not 
heal well, I do not know. The indication is 
that these animals are not in a state of normal 
nutrition and manifest a defective healing 
response. This disturbance of nutrition has in 
my experience been associated always with 
some disturbance of normal digestion. 

Now, so far as the treatment is concerned, 
my view is as follows: 

The experimental results on dogs show that, 
at least for this animal, a gastrojejunostomy is 
a palliative procedure, and if an operation must 
be done in human beings for ulcer, or for other 
purposes, it is certain that a gastroduodenos- 
tomy when possible is preferable to a gastro- 
jejunosotmy. You will note that I state, if a 
gastroenterostomy is necessary. It is my opinion 
that in ulcer, medical treatment should always 
be tried before an operation is indicated, and 
operative treatment should be considered as a 
last resort. Gastric retention due to stenosis is 
mechanical, a factor to be relieved by opera- 
tion. The idea of placing the stomach at rest 
is obvious. 

I have been working on the question of ulcer 
for about twelve years, and I am about to 
give it up. There are just a few more problems 
that I want to work out, but there are others 
that I cannot, do, to my own satisfaction, for 
the simple reason that I know of no way of 
producing a pylorospasm or reflex nervous 
disturbance in a dog, as they are known to 
occur in man, due to emotions, anxiety, etc., 
with their associated motor and secretory 
disturbances. This, I believe, is a very impor- 
tant factor in man which I know of no way to 
duplicate in the dog. 











FAILURE OF REABSORPTION OF 
GASTRIC AND PANCREATIC JUICE 


AS A PATHOGENIC FACTOR IN SOME GASTROINTESTINAL DISTURBANCES* 
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NDER normal conditions, the gas- 

tric and pancreatic secretions poured 

into the upper part of the ali- 
mentary tract are more or less completely 
absorbed in the intestine lower down. 
Water and inorganic salts, the principal 
constituents of these secretions, are not 
appreciably absorbed in the stomach, 
duodenum, or even upper jejunum. A 
given quantity of water or salt solution 
placed in an isolated portion of this part 
of the digestive tube, may be recovered 
quantitatively several hours later. In the 
lower jejunum, ileum and colon, however, 
the absorption of water and certain inor- 
ganic salts may be readily demonstrated by 
this method. It is clear then that for reab- 
sorption, the gastric and pancreatic juice 
must be carried by the motor activities 
of the intestine into the ileum and colon. 
Interference with this transport or failure 
of absorption after reaching there must 
result in the loss of the various con- 
stituents of these secretions to the body 
either through vomiting, accumulation 
in the lumen of the non-absorbing portions 
of the tract, diarrhea, or escape through a 
fistulous opening. The conception that 
harm might result from the failure of 
reabsorption of gastric and _ pancreatic 
juice has come about largely through 
experimental work on the pathogenesis 
of high intestinal obstruction. The loss 
of gastric juice has been offered as a very 
attractive explanation for the hypochlor- 
emia, alkalosis, and dehydration that 
accompany obstruction at the pylorus. 
Such a theory necessarily assumes that 
the gastric glands and the pancreas can 
separate the elements for their respective 
secretions from the blood plasma, when 
these elements are reduced below their 


normal concentration. It furthermore as- 
sumes that these glands can continue 
this separation of essential constituents 
from the altered blood plasma until the 
latter becomes so abnormal that life cannot 
further exist. The mechanism for main- 
taining a constant composition of the 
blood upon which life depends would then 
be subordinate to the mechanism for 
manufacturing a digestive juice. The ques- 
tion involved is of such general physio- 
logical importance and in addition is of 
such practical significance in all conditions 
where gastric juice does not pass into the 
lower intestine, that it seemed highly 
desirable to subject the problem to a crucial 
test. 

It was of course necessary to provide 
for the continuous total loss of gastric 
secretion under conditions otherwise as 
nearly normal as possible and in which 
obstruction in any part of the alimentary 
tract was not present. Recourse was made 
to the following type of preparation. The 
vagus nerves were carefully separated 
from the lower end of the esophagus below 
the diaphragm. The esophagus was then 
sectioned at the cardia, and the cardiac end 
of the stomach infolded and closed. The 
duondeum was cut across just distal to the 
pylorus and an end to end anastomosis 
made between the esophagus and the 
duodenum. A special gold plated cannula 
was introduced into the pyloric end of the 
isolated stomach and brought out through 
a small stab wound in the abdominal wall. 
The cannula made possible the formation 
of a very tight fistula and prevented the 
excoriation of the adjacent skin so trouble- 
some with the customary types of gastric 
fistulae. The vagus nerves, which carry the 
secretory fibers to the stomach, were in this 


* Read at the Thirty-third Annual Meeting of the American Gastro-Enterological Association, Atlantic City, 
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TABLE I 
SHOWING THE EFFECT OF THE TOTAL LOSS OF GASTRIC JUICE ON THE BLOOD CHEMISTRY 
(Dog No. 1 A) 
Gastric Juice Blood Chemistry 
Days | Remarks : am irks slits = 7 
| Free | Total Urea : x 
Vol. Hcl HCl %Cl Cl CO» pH N NPN Hb RBC 
a | Normal contrel perted....... 52.22.2200: 298 4! 7.30 13 27 15.5 5.6 
2 | Operation production of isolated stomach..| .... -P . 261 58 aia 14 27 
3 Ringers SE OF ras Ss 600 | 0.40 | 0.43 | 0.44 210 53 ica 14 33 
7 | Ringers | EE eae 1365 0.44 | 0.47 | 0.56 261 48 = 13 24 15. 
8 Ringers 2000 EE he aaa rr 440 | 0.37 | 0.40 | 0.53 280 63 7.31 16 27 - 
“ee are reer er Pre 190 | 0.23 | 0.55_ 0.58 208 | 75 ee 13 34 
ee a era 242 | 0.22 | 0.290 | 0.47 171 76 Fe 27 53 
14 | 2000 cc ringers daily for 3 days...........| 315 | 0.43 | 0.46 | 0.52 262 68 ane 13 32 7 
25 | 2000 cc ringers daily for 6 days......... 432 | 0.44 | 0.47 | 0.49 268 43 ee 19 38 
26 | No 0S EEO EET 368 | 0.41 | 0.45 | 0.490 220 03 16 35 
27 | ol OS eer eee 313 | 0.35 | 0.38 | 0.490 1st 108 Sean 37 60 
28 No ringers sol; severe depression......... 120 | 0.31 | 0.36 | 0.45 108 104 7.70 60 88 
29 | 600 cc of 5% NaCl by stomach tube 238 | 0.36 | 0.43 | 0.4 145 120 eee 46 81 
36 | 2000 cc ringers daily for 7 days..... -.| 660 | 0.48 | 0.51 | 0.55 2790 60 rectiers 27 45 
47 2000 cc ringers daily for 11 days..... 815 | 0.48 | 0.52 | 0.57 266 70 7.63 20 39 
48 | No ringers sol.................. 415 | 0.47 | 0.50 | 0.52 208 97 7.57 29 52 
490 No ringers sol. a seveseess : 260 | 0.40 | 0.45 | 0.40 183 108 oe 49 80 
ey ee eee eee 122 | 0.33 | 0.46 | 0.50 177 | «114 7.05 9 90 
Be. tS EE: vnuccrceadeeekeadeagndaes 250 | 0.35 | 0.42 | 0.53 110-120 7.73 65 80 





preparation preserved and it is probable 
that this fact accounts for the greater 
secretory output observed in these experi- 
ments over that reported by Lim, Ivy, and 
McCarthy! using a similar isolated stomach 
but to which the vagi had been cut. 

After such an operation, it is obvious 
that all of the gastric secretion will be 
permanently drained away but there is 
present no element of obstruction. Food 
after being masticated and ensalivated 
passes directly from the esophagus into 
the upper end of the duodenum. It is 
probable that the secretory function of 
such an isolated stomach is not greatly 
below the normal. The nervous or reflex 
phase of gastric secretion, depending upon 
the sight, smell and taste of food is not 
interfered with, or is the chemical phase, 
at least that part of it brought forth by 
the presence of food in the intestine. The 
mechanical effect of food distension in the 
stomach which is a part of the normal 
mechanism of gastric secretion (Ivy) is 
here absent and no doubt for this reason 
the output of the gastric gland under 
normal conditions is even greater than 
observed in these experiments. 


To date 6 dogs have survived the oper- 
ation as described here and studies have 
been made of the blood chemistry, water 
and salt intake, urinary and gastric juice 
output, and general condition of the animal 
for long periods. A number of interesting 
facts have been observed, the details of 
which will be reported elsewhere. It is 
sufficient to record here that these animals 
secrete a large amount of gastric juice 
(600 to 2600 c.c. per 24 hours) of high 
acidity (0.35 to 0.45 per cent hydrochloric 
acid) which may be collected in rubber 
receptacles attached to the fistula. Perhaps 
this fact may be emphasized here for those 
who, in their desire to perfect treatments 
for gastric lesions by the principle of rest, 
do not realize that the introduction of 
food into the duodenum causes a copious 
secretion of gastric juice of normal acidity. 
Accompanying this secretion there occurs 
a profound change in the blood chemistry, 
an exaggeration of the alkaline tide ob- 
served after eating. These changes are 
illustrated by the data in Table 1 taken 
from one of the experiments. There is a 
profound fall in the concentration of blood 
chloride, an increase in the carbon dioxide 
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combining power of the plasma, a shift in 
the pH toward the alkaline side, and a late 
increase in non-protein and urea nitrogen. 
The animal recovers promptly from the 
immediate effects of the operation and 
for two or three days may appear in good 
condition. Finely ground lean meat and 
water are supplied ad libitum and are 
taken in small amounts at frequent inter- 
vals during the day and night. The stools 
are formed and undigested meat particles 
are not commonly seen. From the time of 
the operation, however, the dog loses 
weight steadily. After two or three days 
an anorexia appears, he refuses food and 
water and becomes progressively more 
weak and depressed. The tissues seem to 
melt away, the weight loss in twenty-four 
hours ranging from one-tenth to one- 
twentieth of the total body weight. And 
yet during this period large volumes of 
highly acid gastric juice are constantly 
secreted by the isolated stomach. Death 
occurs to the weakened, greatly emaciated 
animal in five to eight days. The picture 
is that of profound depression. The changes 
in the blood chemistry are roughly pro- 
portionate to the severity of the symptoms, 
and both are without question due to the 
removal or loss of gastric juice. The large 
amount of chloride in gastric juice is well 
illustrated in Table 1 where it is shown that 
from 1 to 4 gm. of chloride (calculated as 
chlor-ion) may be removed from the body 
by way of the gastric juice in twenty-four 
hours. A calculation of the total amount of 
chloride in the circulating blood from esti- 
mates of the total blood volume by the 
dye method indicates roughly that more 
than three-fourth of the total chloride 
lost are removed from the tissues and less 
than one-fourth from the blood plasma. 
The increase in CO: capacity results from 
this excessive loss of chloride since a large 
amount of sodium is left in the blood 
plasma free to combine with CO, furnished 
in metabolism. The extreme alkalosis, 
as measured by the large increase in the 
pH of the plasma from 7.30 to 7.95, is an 
index of the breakdown of the normal 
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mechanism for maintaining a constant 
blood reaction in the presence of this con- 
tinuous large removal of acid radicles from 
the blood and tissue fluids. The increase 
in the concentration of non-protein and 
urea nitrogen in the blood occurs simul- 
taneously with the decrease in urinary 
secretion. It is significant that this can 
be brought about by the simple failure of 
reabsorption of gastric juice without any 
element of obstruction in the gastro- 
intestinal tract and with a type of prepara- 
tion that reasonably excludes the existence 
of a toxemia of intestinal origin. It is 
unnecessary to postulate the presence of an 
intoxication of endogenous origin. It is 
very probable that this increase in non- 
protein nitrogen and urea N in the blood 
is simply due to failure of excretion by 
the kidneys, although our experiments 
do not preclude the possibility that a part 
may be due to the increased breakdown 
of body protein as suggested by the exper- 
iments of Whipple and his associates.” 
We have to date obtained no evidence of a 
nephritis and it appears to us very probable 
that the retention is due to the failure of 
urine formation in the presence of the 
extreme dehydration. It is probable that 
the hypochloremia may play a specific 
role in this cessation of urinary secretion as 
is indicated by the experiments of Curtis.* 
In this picture, the contrast between the 
gastric glands and the kidney is strik- 
ing. The gastric gland continues to sepa- 
rate water and salts from the already 
depleted body fluids while the kidney 
acting to conserve body fluid in maintain- 
ing a normal physico-chemical structure of 
the blood, stops secreting almost entirely. 
The ensuing retention of toxic nitrogenous 
waste products probably counteracts this 
otherwise beneficial function of the kidney. 

The extensive weight loss is probably 
an expression of severe dehydration, al- 
though as mentioned previously we un- 
fortunately at present have no data by 
which we could compute what part might 
be due to breakdown of the tissues them- 
selves. Animals have frequently lost from 
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500 to 700 gm. in twenty-four hours and 
at death a total of more than one-half of 
the original body weight. The large loss of 
weight in twenty-four hours is chiefly due 
to the removal of water in the gastric 
juice. The blood volume, however, remains 
constant until just before death and in 
several experiments no evidence of in- 
creased concentration of the blood has 
been obtained. The water removed must 
therefore come largely from the tissues. 
We have here again a good illustration of 
the capacity of the organism to protect 
the structure of the blood, the physiological 
homeostasis of Cannon. Water passes into 
the blood vessels from the tissues to 
compensate for that removed by the gastric 
glands. The mechanism which brings this 
about is largely obscure. After five or six 
days of total loss of gastric juice, the 
dehydration of the tissues is extreme, as 
evidenced by the large loss of body weight 
(one-fifth to one-fourth of the total), the 
loss of tissue turgor, the shrunken eyeballs, 
and general emaciation. It is remarkable 
that such an animal does not attempt to 
replace the lost fluid by drinking, since 
he has at all times free access to unlimited 
amounts of water. Apparently thirst is 
related not so much to actual dehydration 
as to a disproportion between the total 
amount of water and dissolved electrolytes 
in the body. Furthermore water alone 
given by stomach tube or as 5 per cent 
glucose solution given intravenously will 
not relieve the dehydration. It is immedi- 
ately excreted in the urine. 

If, when it is apparent that the animal 
is soon to die from the continued loss of 
gastric juice, it is given 0.9 per cent NaCl 
or Ringer’s solution intravenously in ade- 
quate. amounts, it promptly recovers, 
begins to eat and drink in normal fashion, 
and the blood chemistry returns toward 
normal values. By the daily intravenous 
injection of from 2000 to 3000 c.c. of 
Ringer’s solution, we have been able to 
keep such animals alive for from sixty to 
seventy-five days. Apparently, then, the 
essential substances removed in the gastric 
juice are contained in NaCl solution. The 
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ineflicacy of water alone indicates the 
importance of the Na and CI ions. The 
intravenous salt solution not only corrects 
the abnormal changes in the blood chem- 
istry but it likewise relieves the tissue 
dehydration. Loss of weight is prevented 
by such injections or if it has already 
occurred may be replaced. This clearly 
indicates that the ability of the body to 
hold water depends upon its content of 
electrolytes, a view emphasized recently 
by the illuminating writings of Gamble.‘ 

The experiment proves conclusively that 
the simple loss of the gastric juice from the 
body causes death in a few days. The 
outstanding changes are extreme hypo- 
chloremia, severe alkalosis, and_ tissue 
dehydration. These develop simultaneousl\ 
and are an index of the abnormal structure 
of the body fluids when life ceases. 

During the course of our work on the 
effect of the total loss of gastric juice, the 
report of Elman and McCaughan® on the 
fatal effect of the loss of pancreatic juice 
appeared. We have, however, continued 
the original program and have secured 
data on the effect of the total loss of 
pancreatic juice by a new method which in 
large part substantiates and extends the 
conclusions of these investigators. Large 
female dogs were selected for the experi- 
ments. The duodenum was cut across at 
the pylorus and again about 8 cm. lower 
down just below the entrance of the lower 
pancreatic duct. The pyloric antrum was 
resected and the lower duodenum anasto- 
mosed to the open end of the stomach by 
end to side suture. The common bile duct 
was sectioned near its entrance into the 
duodenum and implanted into the stomach. 
The upper section of duodenum containing 
the entrance of the pancreatic ducts was 
converted into a closed sac by inversion 
and closure of both ends. An external 
fistula of this duodenal-pancreatic sac 
was then established by means of a gold- 
plated cannula similar to that used in the 
stomach. By this means a tight fistula 
was formed and no digestion of the adja- 
cent skin occurred. Pancreatic juice was 
collected in rubber bags attached to the 
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cannula. The juice was of course activated 
by the admixture of a small amount of 
succus entericus from the mucosa of the 
duodenal sac. 

The dogs recovered promptly from the 
immediate effects of this rather extensive 
operation and were permitted to drink 
milk and water and eat ground lean meat 
after forty-eight hours. Thereafter during 
the course of the experiment food and water 
were permitted ad libitum. A careful 
daily record was kept of the amounts of 
food and water taken, the urinary output, 
the pancreatic secretion, the body weight, 
and certain features of the blood chemistry. 
To summarize briefly, the outstanding 
findings were these. The volume of pan- 
creatic juice collected from such a prepa- 
ration varied from 400 to 1400 c.c. per 
twenty-four hours. It is estimated from 
former studies on duodenal secretion that 
from 10 to 30 c.c. of this may be succus 
entericus. This large volume of pancreatic 
juice secreted per day is an index of the 
efficiency of this type of fistula and it 
probably represents almost the normal 
output of the pancreas. The ducts are not 
interfered with and even after several 
weeks, the pancreas shows no evidence of 
infection. It is quite evident that most 
estimates of the normal volume of pan- 
creatic as well as gastric juice are far too 
low. Accompanying this secretion, there 
occurs a characteristic change in the 
chemistry of the blood, in some respects 
opposite to that following the loss of gastric 
juice. There is a pronounced decrease in 
the concentration of fixed base, to a less 
extent a decrease in chloride, a marked 
decrease in the carbon dioxide combining 
power of the plasma, and a shift in the pH 
toward the acid side. The animal loses 
weight steadily and progressively and 
becomes rapidly weak and _ depressed. 
Death occurs within five or six days. The 
outstanding changes are severe tissue 
dehydration and acidosis. That death is 
due to the continuous removal of pan- 
creatic juice is indicated by the fact that 
the daily intravenous injection of Ringer’s 
solution or physiological salt solution 
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greatly prolongs life and in part corrects 
the altered blood chemistry. 

It is thus very evident that the property 
of the gastric and pancreatic glands 
whereby they can remove inorganic ele- 
ments from the blood plasma until death 
is produced makes it necessary that their 
secretions pass into the absorbing portions 
of the intestine and there be returned to 
the blood. Under normal conditions of 
course this occurs. It is likewise readily 
apparent that such factors as_ profuse 
persistent vomiting and gastric or high 
intestinal fistulae will prevent this reab- 
sorption. A recent case of gastrocolonic 
fistula following the perforation of a 
gastrojejunal ulcer into the transverse 
colon showed changes in the blood chem- 
istry similar to those obtained in the 
experimental animal. This patient had a 
severe diarrhea and undoubtedly gastric 
and pancreatic juice was lost in large 
amounts in the feces. When complete 
obstruction occurs in the upper intestine, 
gastric and pancreatic juice are lost be- 
cause they cannot reach the absorbing 
bowel. Even in low obstructions, the reflex 
vomiting accompanying distention of the 
obstructed segment produces a definite 
loss of these secretions. There is no ques- 
tion but that this failure of reabsorption 
of gastric and pancreatic juice is a very 
important factor in the pathogenesis of 
ileus and fortunately one that can now be 
adequately controlled. 

It is, however, in the following types of 
gastrointestinal pathology that I wish to 
stress the réle of failure of reabsorption of 
these digestive juices, namely acute post- 
operative dilatation of the stomach and 
paralytic ileus following surgical trauma 
or in generalized acute peritonitis. It is 
not within the scope of this paper to 
attempt any comprehensive survey of the 
clinical and experimental data and result- 
ing conceptions regarding the etiology and 
pathogenesis of acute dilatation of the 
stomach. In a recent paper, I*® have 
offered the following interpretation of the 
etiologic factors in this distressing com- 
plication of surgical treatment. During 
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the course of the operation there occurs a 
profound stimulation of either visceral or 
somatic sensory nerves depending upon 
whether the operation is intra- or extra- 
abdominal. This produces a profound reflex 
inhibition of the tonus and motility of the 
stomach as a result of which it becomes 
greatly distended by swallowed air and 
the accumulating secretions of the gastric 
mucosa. In many cases, although appar- 
ently not in all, the dilated stomach forces 
the intestines into the pelvis and produces 
a secondary compression of the inferior 
horizontal portion of the duodenum by the 
fold of mesentery containing the superior 
mesenteric vessels. When this occurs, 
even though the obstruction be relatively 
slight, the atonic stomach and duodenum 
are unable to force their secretions into 
the lower intestine. As a result they 
accumulate in the non-absorbing dilated 
stomach and proximal duodenum and 
overflow into the mouth. They are thus 
effectually lost to the body and as we have 
seen, this removal of Na and Cl ions by 
the stomach and pancreas is entirely 
adequate to account for the death that 
occurs in untreated cases with the well- 
known preliminary dehydration and anu- 
ria. In one case of acute dilatation of the 
stomach that we have observed recently, 
a profound hypochloremia and increased 
carbon dioxide combining power of the 
plasma, together with elevated NPN and 
urea N were found (Dragstedt and Ellis).’ 

In acute generalized peritonitis likewise 
this failure of reabsorption of gastric and 
pancreatic juice must be considered as a 
major pathogenic factor. That hypo- 
motility to complete atony of the gastro- 
intestinal tract exists in this disease is of 
course well known. It seems probable that 
this is due partly to the direct action of 
bacterial toxins on the intestinal wall but 
to a greater degree to reflex inhibition 
from the irritated and inflamed peritoneum. 
It is easy to demonstrate such a viscero- 
visceral reflex in a cat under light ether 
anesthesia or after decerebration. Stimu- 
lation of the parietal or visceral peri- 
toneum by traction or electrical stimulation 
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causes complete inhibition of the move- 
ments of the stomach and intestines. This 
is partly prevented by previous section of 
the splanchnics. Gastric and pancreatic 
juice not being propelled down into the 
lower jejunum, ileum and colon accumu- 
late in the non-absorbing stomach and 
upper intestine and are lost by regurgita- 
tion or vomiting. It is therefore not sur- 
prising to find in acute peritonitis those 
changes in the blood chemistry which we 
have found to result from the simple 
uncomplicated loss of gastric and pan- 
creatic juice. The profound improvement 
occasioned by the administration of large 
quantities of physiological salt solution or 
Ringer’s solution in these patients is an 
index of the significance of this factor in the 
pathogenesis of the disease. 
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DISCUSSION 


Dr. StanLteEy Dorst: I would like to ask 
the essayist whether or not he has had any 
experience with experimental ligation of the 
esophagus in dogs. Andrus and Guest in 
Cincinnati have been doing some very interest- 
ing experimental work along this line and are 
describing results often quite analogous to 
those following high obstruction of the intes- 
tinal tract when the esophagus alone is artifi- 
cially obstructed. 

Dr. Portis: I should like to ask Dr. Drag- 
stedt if I understood him correctly in saying 
that there are no renal changes in the dogs 
whose stomachs have been operated on in the 
manner described, and if this is true, how does 
he correlate these findings with the renal 
changes in patients suffering from alkalosis? 

Dr. Brown: I would like to ask Dr. Drag- 
stedt if he regards this condition as being due 
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to a lack of the absorption of the stored mate- 
rials or due to the lack of iron in the blood. 
I would also like to ask him if he has been able 
to prolong the life of these animals by large 
doses of bicarbonate of soda. 

Dr. Smiruies: In 2 cases, recently, one of 
central ileus and one due to peritonitis, I have 
noted the presence of tetany. In this paper 
there are certainly some important practical 
points in regard to treatment, and it seems 
that some real progress has been made. At 
least, I hope so. 

There are minor evidences of this syndrome, 
at times, it seems to me, in the over-alkaliniza- 
tion treatment of ulcer. We forget, sometimes, 
when we alkalinize that we are introducing a 
foreign body, our object, of course, being the 
neutralization of the acid by alkali. The stom- 
ach attempts to maintain its normal relations, 
i.e., an acidity, and sometimes over-secretes. 
Then there is another class of case, where there 
has been a gastrojejunostomy, accompanying it 
with a relatively high ileus. In those cases, we 
often see changes in the jejunum and duodenum, 
without changes in the blood content. 

Dr. ASHER WINKELSTEIN: To one who is 
particularly interested in the physiology of 
gastric secretion, Dr. Dragstedt’s paper is 
very important. It may not be necessary to 
assume that the large amount of secretion 
from the isolated stomach is due to a combina- 
tion of vagus nerve and intestinal stimuli. 
For, inasmuch as the stomach is still within 
the body in these experiments, is it not possible 
that the second, chemical, or antrum phase 
of secretion is being produced through the 
medium of the blood stream? 

I should also like to know if Dr. Dragstedt 
found inflammatory, especially ulcerative le- 
sions, in the isolated stomachs? In some experi- 
ments cited in Von Redwitz’s book on the 
pathogenesis of ulcer, large ulcers were found 
in stomachs isolated in the same manner. Such 
lesions, if present, would also help to explain 
the large amounts of gastric secretion occurring 
in these experiments. 

Dr. Myer: I| think that this very brilliant 
piece of work from Dr. Dragstedt is a very 
brilliant illustration of the value of that 


experimental work on animals which has been 
carried on throughout the country for several 
years, as well as abroad. It seems to me that 
this brings out many clinical and physiological 
factors that could never be brought out in 
any other way, and there are certainly a great 
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many analogies that we can draw from work 
of this sort. I don’t think that I have ever 
seen figures for the hydrogen ion content of 
the blood, or its concentration, that are as 
high as Dr. Dragstedt has given here. 

Some years ago B and his associate brought 
out a series of studies on hyperemia(?) in 
which they got results that were somewhat 
comparable to these. I think that their work 
did not bring out such high figures; certainly 
the figures that Dr. Dragstedt has reported 
are extremely high. 

I should like to know whether any of Dr. 
Dragstedt’s animals showed symptoms of 
tetanus. Dr. Goldstein reports that his subjects 
went into tetany, and I wanted to get that 
straight in Dr. Dragstedt’s paper. Also, if there 
was an alkalosis. I should also like to know 
about the possibility of withdrawing both the 
gastric and the pancreatic secretion. The 
pancreatic secretion has a detoxifying action 
and if you remove one factor in this chain, you 
spoil the balance of the whole. 

We are, therefore, entitled to say, that if 
there is ever any danger lurking to any organ 
within the peritoneal cavity, the omentum 
wanders out to it and protects it. For this 
reason it deserves to be called the “policeman” 
of the abdominal cavity. 

Whether this means “automotive power” 
or “‘attraction”’ deserves to be decided definitely 
at the laboratory. 

Dr. Draprer: To me, this is an extremely 
important contribution. I have been interested 
in the cause of death from such obstructions for 
a great many years, and it seems to me that 
the work of Dr. Dragstedt has advanced the 
problem very much. 

I did note, while working on dogs, that death 
occurs from obstruction of the esophagus, and 
I, therefore, question whether the problem is 
entirely answered as yet, because it does not 
seem that esophageal obstruction would inter- 
fere with the progress downward of the gastric 
secretion. 

I should like to know whether Dr. Dragstedt 
has ever considered if the use of the term 
“dehydration” is desirable. Some years ago 
Dr. Hartwell did some very interesting experi- 
ments in regard to dehydration as the possible 
cause of death in obstruction. In order to 
check the experiment, I gave pilocarpine to 
various animals and found that we could, 
apparently without damage to the animals cause 
dehydration of the important abdominal and 
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muscular tissues to a greater extent than was 
observed to be present in the tissues of dogs 
dying from acute duodenal obstruction. 

Finally, I should ask Dr. Dragstedt whether 
he has made further studies in regard to actual 
dehydration, and, if so, by what method. I 
feel that this is a very important matter, 
because there is no doubt, in my mind, at 
least that there is a close relation between 
partial obstruction of the intestinal tract 
particularly in the duodenum and many 
serious neuromuscular and perhaps, psychotic, 
disturbances in man. 

Dr. Dracsrepr (closing): I should like to 
emphasize that I do not believe that this 
failure of reabsorption of the digestive juices 
is the sole factor in the cause of death from acute 
intestinal obstruction. It is probably the most 
important factor in high intestinal obstruction 
but we have definite and quite conclusive 
experimental evidence that a toxemia of intes- 
tinal origin plays a réle particularly in obstruc- 
tion in the lower jejunum, ileum and colon. It 
is in these latter cases that distention of the 
obstructed intestine is marked and it is this 
distention that makes possible the absorption 
of toxic materials from the bowel lumen. 

I am very grateful for the interest mani- 
fested in this investigation but I fear that time 
will not permit my answering all the questions. 
With regard to the relative significance of the 
ferments and the inorganic elements in the 
digestive juices, the evidence clearly indicates 
that it is the loss of the latter and in particular 
of the sodium and chloride ions that causes the 
rapid death under the conditions of these 
experiments. The cause of death in esophageal 
obstruction is still obscure. It is however 
obvious that there is no loss of gastric or pan- 
creatic juice in this case. The suggestion that 
death is due to the failure of reabsorption of 
saliva is hardly compatible with the fact that 
animals may live for months with complete 
salivary fistulae or indeed an upper esophageal 
fistula as in the sham-feeding experiments 
of Pavlov. Some unpublished experiments by 
C. A. Dragstedt indicate that many dogs with 
esophageal obstruction die from pneumonia 
and other pulmonary complications. 

When death occurs from the failure of reab- 
sorption of gastric juice, the outstanding 
changes observed are hypochloremia, alkalosis, 
and tissue dehydration. It is not possible at 
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present to say which of these conditions is 
the lethal factor. They all occur simultaneously 
and are an index of the abnormal state of 
the body fluids when life ceases. The dehydra- 
tion produced by the loss of gastric juice is 
somewhat different from that caused by profuse 
sweating or the withholding of water. In the 
latter case the inorganic elements in the body 
fluids tend to become concentrated. Gastric 
juice on the other hand contains approximately 
the same concentration of inorganic ions as 
the blood plasma and its removal accordingly 
does not leave an increased concentration of 
inorganic ions in the body fluids. As an illustra- 
tion, the removal of 500 c.c. of normal salt 
solution from a flask containing a liter, does 
not alter the concentration of what remains 
although the quantity is less. It is probably for 
this reason that the dogs do not drink although 
they have free access to water. Thirst may be 
related more to the concentration of inorganic 
elements in the body fluids than to the total 
amount of water in the body. 

We have watched our animals very carefully 
for symptoms of tetany or nervous hyper- 
excitability in view of the extreme alkalosis. 
To our surprise no tetany has been observed, 
the deviation from the normal being in every 
case in the direction of depression. 

The mechanism which induces gastric secre- 
tion in our animals with the isolated stomach 
is doubtless twofold. The integrity of the 
vagi permits of the reflex stimulation of the 
gastric glands through vagus secretory fibers. 
The presence of food in the upper duodenum 
releases chemical substances (gastrine) into 
the blood stream which in turn stimulate the 
gastric glands to secrete juice. This factor 
was clearly demonstrated in Ivy’s experiments 
of a few years ago. 

We have to date observed no actual organic 
changes in the kidneys of animals dying from 
the loss of gastric juice. It is probable that the 
increased concentration of non-protein and 
urea nitrogen in the blood represents a reten- 
tion of these substances as a result of the 
extreme dehydration. The contrast between 
the kidneys and the gastric glands is striking. 
The kidneys, acting to conserve fluid in view 
of the extreme dehydration, stop secreting 
almost entirely while the gastric glands con- 
tinue to separate water and salts from the blood 
plasma until death is produced. 








LATERO-POSTERIOR INCISION FOR APPENDECTOMY* 


A. L. Soresi, M.D. 


NEW 


HE late A. I. Ochsner, in discussing the 
choice of incisions for appendectomy, 
" wrote: 

It is important that the incision furnish 
ample room to remove the appendix without 
infecting surrounding tissues: at the same 
time provision must be made in case an abscess 
is present to provide satisfactory drainage. 
The incision should be so planned as to give 
the greatest guarantee against postoperative 
ventral hernia. In removing a severely infected 
appendix during an acute attack too much 
attention cannot be given to means of prevent- 
ing infection of the surrounding tissues. One 
of the most important prophylactic measures 
lies in reducing traumatism to a minimum. 
It has been shown conclusively that the sur- 
rounding tissues, if not traumatized, will 
dispose of a large number of microorganisms 
capable of producing a violent peritonitis 
if the peritoneum has been bruised by rough 
handling.! 


Today we could only improve on the 
desiderata laid down by Ochsner by adding 
that we should plan and execute the opera- 
tion in such a manner as to prevent the 
formation of preventable postoperative 
adhesions. 

These desiderata cannot be realized with 
the ordinary abdominal incision. Trau- 
matizing of tissues, spilling of purulent 
infective material, postoperative ventral 
hernia, postoperative adhesions, of neces- 
sity follow the long, tortuous abdominal 
route. 

The author proposes a new incision 
which fulfills all the desiderata even in the 
most difficult cases, that is, when large 
retrocecal abscesses are present. The 
author’s incision, which could be called 
latero-posterior, runs parallel to the 
axillary line: begins, according to the 
thickness of the panniculus adiposus, 
more or less close to the twelfth rib and 


'A Treatise on Regional Surgery. Vol. 2, pp. 177 and 
181. 


YORK 


is extended to the pelvis; it runs about 2 
cm. behind the anterior superior iliac 
spine. This incision (Fig. 1) exposes first 
the fascia of the external oblique, then in 
succession the external oblique itself, the 
internal oblique and the transversalis. The 
fibers of these muscles, which cross each 
other, are simply separated, not incised. 


The peritoneum is incised parallel to the 
skin incision, thus exposing the cecum 


(Fig. 2). Two retractors are applied: the 
upper one should only hold back the tissues 
enough to expose no more than the middle 
of the cecum; the lower should be pulled 
down sufliciently to expose the posterior 
peritoneum. The cecum is grasped either 
between the left index and the thumb 
(Fig. 3) or with a soft clamp covered with 
rubber and gently pulied upward in order 
to expose the base of the appendix. 

The easy and complete exposure of the 
base of the appendix is one of the most 
important advantages offered by the latero- 
posterior incision. The appendix may wan- 
der anywhere in the abdomen, but its 
base is always to be found at the cecum. 
When the base is located, finding and 
removing the appendix, without trau- 
matizing the surrounding peritoneal or- 
gans, becomes an easy procedure. In fact, 
through the latero-posterior incision one 
could almost say that the appendix is 
removed without actually entering the 
general peritoneal cavity. It is snatched 
from behind the cecum, without exposing 
or touching any other organ. 

Figure 1 shows plainly that when the 
abdominal route is chosen the surgeon has 
to travel through the whole thickness of 
the abdomen, and push away other organs 
before he can reach the appendix and its 
base, while with the latero-posterior inci- 
sion he reaches the cecum with the base of 
the appendix directly without meeting 
any other organ. 


* Submitted for publication December 1, 1930. 
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In acute appendicitis the surgeon may 
be confronted with many complications: 
Perhaps the most important point to 














Fic. 1. Cross section of abdomen (from Testut, Jacobs 
Anatomie Topographique) showing ordinary abdomi- 
nal routes for reaching the base of the appendix and 
descending colon B.B. Note how tortuous and long is 
the abdominal route and contrast with direct manner 
of approach of the latero-posterior incision as indi- 
cated by the letter a. Latero-posterior incision is 
made by separating fibers of external oblique, inter- 
nal oblique and transversalis muscles. 
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cecal appendix with or without abscess; 
appendicular abscesses, general peritonitis, 
adhesions? The importance of these com- 
plications which endanger life and cause 
many postoperat ive un p leasantnesses, 
when the usual anterior abdominal incision 
is used, are minimized or become negligible 
with the latero-posterior incision. 
Retrocecal Appendix with or without 
Abscess. This location of the appendix 
does not constitute a complication when 
the latero-posterior incision is used: in 
fact as the illustrations show the retro- 
cecal appendix can be exposed and removed 
without the slightest difficulty. 
Appendiceal Abscess. When an abscess 
is present, not a drop of pus needs to be 
spilled. Start the suction machine and 
pierce (Fig. 4) the wall of the abscess with 
the tip of the suction cannula: all the pus 
will be evacuated leaving an empty cavity 
in which will be found the appendix, more 
or less damaged. Thus the pus present in a 





latero- 
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“1G. 2. Cecum blocking aperture made by 
posterior incision. Note that lower retractor shows 
posterior peritoneum, while upper exposes only 


half of the cecum, thus preventing escape of loops of 


intestine and omentum. 


discuss is: how does the latero-posterior 
incision meet the complications commonly 
found in acute appendicitis, that Is retro- 


Fic. 3. Cecum raised showing base of appendix while 
dotted lines show that appendix itself may be located 
in different positions: note how even a _ retrocecal 
appendix imbedded in adhesions can be easily 
reached and removed through the latero-posterior 
incision. 


localized abscess cannot in any manner 
infect the general peritoneal cavity. 
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Fic. 4. Diagrammatic view of how a large purulent Fic. 5. Diagrammatic view of modified Mikulicz 


collection can be evacuated through the _latero- 
posterior incision without spilling pus into the 
general peritoneal cavity: through the usual abdomi- 
nal incision, instead, the general peritoneal cavity 
must of necessity be more or less contaminated and 
infected. 
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drainage: the modification consisting in putting in 
contact with the peritoneal organs a layer of parat- 
finated gauze: this prevents the formation of adhe- 
sions of the gauze itself to the cecum and parietal 
peritoneum. 





Fic. 6. Different steps in subserous appendectomy: serosa is incised circularly about 2 cm. from base, A; serosa 
is pushed back towards base, B; appendix is tied close to cecum, clamped above ligature and severed between 


tie and clamp, c; stump is covered with cuff of serosa, p; 


serosa is separated from appendix, E; serosa is cut 


with scissors if appendicular abscess is present at tip of appendix or for any other reason tip is too large to 
pass through cuff of serosa, F; appendix is shown free from serosa after incision of the latter, G; appendix freed 
from serosa and surrounding adhesions which have thus not been disturbed, H. 
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The desideratum so 
“reducing 
seems too 


General Peritonitis. 
ably expressed by Ochsner of 
traumatism to a minimum’’* 





Fic. 7. How appendix may be freed from adherent 
structures without causing trauma by the subserous 
method and through the Iatero-posterior incision. 
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these organs are not even disturbed. The 
pus Is easily evacuated through the suction 
cannula. If drainage is desired, nothing is 
easier than to apply a Mikulicz drain 
or place whichever drains are preferred 
wherever they are deemed necessary, with 
the certainty that drainage will be ideal, 
being accomplished by gravity, especially 
if the patient is placed in the latero- 
oblique position as shown in Figure 8. 
Adhesions. Adhesions may render ap- 
pendectomy very diflicult and very danger- 
ous quantum vitae and quantum post- 
operative complications. With the abdom- 
inal incisions the base of the appendix is 
reached only after loops of intestine, 
omentum, and at times the parietal peri- 
toneum are severely traumatized. The 
difficulties met when adhesions are present 
and the dangers caused by their existence 
are too well known to be insisted upon. 
When the latero-posterior incision is used, 
adhesions are not a serious complication, 
they do not render the operation more 
difficult or more dangerous. In these cases 
we advise the surgeon to resort to sub- 
serous appendectomy, well illustrated 
Figure 6, which has the following advan- 
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Fic. 8. Position to be given to patient in order to favor latero-posterior drainage. 


A: Lowest point. 
c: Highest. 
B and p: Intermediate. 


modest now that we can use the latero- 
posterior incision. There is not only no 
traumatism of the peritoneal organs but 


*Loc. cit. 


tages: it does not break up inflammatory 
adhesions, which bleed and later cause 
denser adhesions; it allows the easiest 


removal of the appendix; it is more easily 
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performed when the appendix is inflamed, 
the serosa peeling off as easily as the skin 
of a banana. Figure 7 shows clearly how a 
subserous removal of the appendix done 
through the latero-posterior incision does 
not require breaking of adhesions and 
damaging peritoneal organs. Subserous 
appendectomy is easy even when an appen- 
dicular abscess is present. 

Prevention of Usual Complications by the 
Latero-posterior Incision. Drainage 1s 
ideal, so that complications due to poor 
drainage may become a thing of the past. 

Postoperative Ventral Hernias. With the 
latero-posterior incision three muscles, the 
fibers of which cross each other, are met. 
The separated muscular fibers have a 
strong tendency to resume their natural 
position, thus closing securely the gap 
created at the time of the operation. In 
2 cases of general peritonitis, in which a 
modified Mikulicz was applied, the abdom- 
inal wall became exceptionally solid: in 
fact as solid as in the cases in which no 
drainage was used. 

Spreading of localized peritonitis becomes 
a practical impossibility. 

Loss of life due to general peritonitis 
should be decreased considerably, because 
the appendix can be removed without 
traumatizing other peritoneal organs; pus 
can be evacuated and drained most 
effectively; the shock of the operation is 
considerably decreased; chronic fecal _fis- 
tulas should be a thing of the past; the 
cecum closes very easily when drained 
posteriorly, as can be effectively done when 
appendectomy is performed through the 
latero-posterior incision. In 1 case in which 
a thickened cecum could not be closed 
effectively the fecal fistula lasted only 
twelve days. 


Postoperative Adbesions. The worst and 


most feared complication of appendectomy, 
that is postoperative adhesions, should 
become a thing of the past. The general 
peritoneal cavity never needs to be entered 
even when inflammatory adhesions or 
abscesses are present. The cecum is the 
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only organ that may become adherent 
after the operation. Even when such 
adhesions occur they do not cause any 
trouble, because the cecum becomes 
adherent to the latero-posterior perito- 
neum, which is not an abnormal condition. 


CONCLUSIONS 


The author has described a latero-pos- 
terior incision for appendectomy, which 
permits the surgeon to reach directly the 
base of the appendix and the whole appen- 
dix. This incision renders appendectomy 
easier and safer in the presence of the most 
severe complications, such as _ retrocecal 
appendix, appendicular abscess, adhesions, 
general peritonitis. It decreases shock 
because no other peritoneal organ except 
the cecum is disturbed or traumatized; 
it does not require any packing; it requires 
very little retraction; it is speedier than 
through any other incision. It allows per- 
fect drainage. It does not cause any post- 
operative complications, such as adhesions, 
ventral hernia, or chronic fecal fistulas. It 
can be done easily under local, spinal, or 
gas anesthesia even when the patient Is 
restless, or not completely relaxed, because 
loops of intestine cannot protrude through 
the incision. 

Pus situated in a localized abscess can 
be evacuated without infecting the general 
peritoneal cavity. 

When general peritonitis is present it 
allows the most ideal conditions for shock- 
less, traumaless operation and _ perfect 
drainage. 

The author describes and advocates a 
technique for subserous removal of the 
appendix which renders appendectomy 
safer, easier and speedier even when 
dense adhesions are present. 

Patients are more comfortable after 
an appendectomy performed through the 
latero-posterior than through any other 
incision. 

Dulcis in Fundo. This incision is ideal 
only for appendectomy: it is not meant for 
exploratory laparotomies. 
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THE SPINAWL FOR SPINAL ANESTHESIA* 


Henry F. GRAHAM, M.D., F.A.C.S. 


BROOKLYN, N. Y. 


HE skin of the back is thick and 
tough. This makes it difficult to use 
a needle of small caliber for lumbar 





rou. t. Fic. 2. 


puncture unless a preliminary opening is 
made in the skin. 

The instrument illustrated, an awl for 
spinal use, has a triangular point with 
sharp cutting edges like a skin needle. It is 
easily inserted and leaves a tiny opening 
through the skin. The top is slightly cupped 
and measures 7¢ in. by 7 in. The pin is 
114 in. long and tapers from top to bottom. 
The shape of the instrument makes it 
easy to control and direct. 


Our procedure is as follows: The skin 
is anesthetized with novocaine and ephe- 


drine solution, using a small hypodermic 





needle; the spinawl is then used to make a 
small puncture in the way illustrated. Then, 
without removing the fingers of the left 
hand, the hollow spinal needle introducer is 
inserted and its stilet withdrawn. Through 
this a small caliber spinal needle, with 
short bevel, is passed into the spinal canal. 
The whole process takes less than a minute 
and, in our experience, greatly shortens 
and facilitates the induction of the average 
spinal anesthesia. 


* Submitted for publication January 16, 1931. 
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‘CASE REPORTS: 




















TUBERCULOSIS OF THE UTERUS AND TUBES* 


ArtTHUR M. DIcKINSON, M.D., F.A.C.S. 


ALBANY, N. Y. 


UBERCULOSIS of the female geni- 

talia was first described by Mor- 

gagni. It is generally a secondary or 
descending infection although cases have 
been reported in which the infection was 
thought to be primary or ascending. 
Ordinarily infection takes place through 
the blood stream from some distant focus 
or through the lymphatics from a nearby 
focus. Occasionally it occurs by direct 
extension from neighboring structures. 
Genital tuberculosis in the female is usually 
preceded by trauma of some sort such as 
parturition or infection with the gonococ- 
cus. It is stated that 20 per cent of tuber- 
culous lesions in the female involve the 
genitals. Iii many instances, tuberculosis 
of the genitals is difficult of diagnosis and 
is only suspected in light of a recognized 
tuberculous lesion elsewhere, such as a 
pleural or pulmonary one. 

The uterus is involved in about 40 per 
cent of the cases of tuberculosis of the 
female genitalia. Ordinarily only the en- 
dometrium is affected but in more ad- 
vanced cases, the uterine muscle may be 
invaded. Tuberculosis of the uterus is 
usually associated with tuberculosis of the 
tubes which probably explains its more 
common occurrence in the region of the 
cornua. The lesions may be either miliary 
or caseous in type. The symptoms of tuber- 
culosis of the uterus are often masked by 
those of the original focus. There may be 
pelvic pain and discomfort, leucorrhea, 
menstrual irregularities, dysmenorrhea, 
etc. Diagnosis depends upon microscopic 
examination of the curettings obtained. 
Treatment consists of hysterectomy if 


lesions elsewhere are such as to justify 
hope of arresting the disease. 

Tuberculous involvement of the tubes 
occurs in about go per cent of the cases of 
female genital tuberculosis. Ordinarily the 
process begins in the tubes and then in- 
volves the uterus or ovaries secondarily. 
The systemic focus is usually located in 
the lungs. Tuberculosis of the tubes occurs 
most frequently during the period of 
sexual activity and in those tubes pre- 
viously damaged by infection with the 
gonococcus. The onset of the disease may 
be evidenced by an acute reaction with 
pain, tenderness and abdominal distension 
or it may be insidious with vague pelvic 
symptoms and menstrual disturbances. 
There is usually demonstrable evidence 
of a tuberculous lesion elsewhere in the 
body. The lesion is always bilateral. 
Later and more chronic stages of the 
process may present symptoms of bladder 
and rectal troubles because of adhesions. 
In some instances there are acute exacer- 
bations followed by long periods of quies- 
cence. The diagnosis is often difficult. 
The finding of a tuberculous area elsewhere 
is always suggestive. Treatment consists 
of removal of the tubes with conservation 
of the ovaries if they are not involved. 


CASE REPORT 


V. B., married, aged twenty-two, no children, 
first came to me on April 1, 1930. She was 
complaining of nervousness and_ prolonged 
menses. She stated that she flowed slightly but 
continuously except for three or four days of 
the month. She had worn a napkin almost 
constantly for two years. There had been no 


* Submitted for publication September 26, 1930. 
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pregnancy or infection. There was a history 
of pleurisy with effusion five years previously; 
this was thought to have been tuberculous but 
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On May 19, under spinal anesthesia, plus gas 
and oxygen, a panhysterectomy and bilateral 
salpingectomy was done. The uterus was 
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Piet. 


24 
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Fic. 1. Specimen of tuberculosis of uterus and tubes. Note involved endometrium which is evident; also swollen 
and dilated tubes. 


not proved so. Pelvic examination was difficult 
on account of the small introitus but seemed 
negative. In view of the apparent negative 
surgical findings, the patient was referred 
back to her physician for careful examination. 
Complete examination including radiographs 
of the chest was made twice with negative 
results. The bleeding continued and so it was 
decided to perform a diagnostic dilatation and 
curettage. On May 10, under gas and oxygen 
anesthesia, a pelvic examination was made 
with no positive findings; then the dilatation 
and curettage were done. The laboratory 
report on the curettings was tuberculous 
endometritis. 

With a report of tuberculous endometritis, 
it was deemed wise to perform a hysterectomy. 


slightly enlarged but the serosa was smooth 
and free of any evidence of tuberculosis. The 
tubes were markedly enlarged and red; they 
appeared like small sausages. The ovaries 
appeared negative. The pelvic peritoneum 
seemed normal; no further abnormal findings 
were noted. Closure was made by layer suture 
without drainage. Recovery was prompt and 
twelve days after operation, the patient was 
discharged to her home with the wound healed. 
Four months after the last operation, examina- 
tion was negative; the patient stated that she 
felt fine and had gained 6 lb. in weight. 
Laboratory examination of the specimen 
disclosed tuberculosis of the endometrium and 
of the tubes. A photograph of the specimen 
shows the uterus opened and tubes intact. 
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REMOVAL OF A METAL RING FROM THE PENIS* 


Joun E. CANNADAY, M.D. 


CHARLESTON, W. VA. 


ROM time to time we hear of cases 
in which a ring or other closely fitting 
circular device has been placed around 





Fic. 1. 


the penis. After a short time so much swell- 
ing has taken place that the possessor Is 
unable to remove the ring. Some of these 


instances, no doubt, are the result of 


boyish pranks, again this has at times 
been done with the idea of preventing bed 
wetting. Other cases occur among those 
having psychopathic or neurotic ten- 
dencies, and in some instances rings or 
other similar devices have been placed 
on the male organ by practical jokesters 
while the victim was in a drunken sleep. 
The portion beyond the ring swells, 
the skin immediately under the ring 
becomes eroded, and about this time the 
patient usually consults a physician. The 
ring can usually be removed by cutting 
it in two at one side and springing the 
ends apart. Occasionally some hard and 
highly resistant metal may be encountered, 
as was the case in the subjoined report. 


CASE REPORT 
E. M., aged fifteen years, of St. Albans, W. 


Va., was admitted to the Charleston General 
Hospital in a very uncomfortable condition. 
He gave a history of slipping a bicycle cone 
over his penis two weeks before admission 
to the hospital. He was unable to remove it 
and was ashamed to tell anyone about it. 
Finally, he became so disabled that he told 
his mother who called a physician, Dr. T. S. 
Tompkins, who sent him to the hospital. 

On examination he showed an enormous 
swelling of the penis; the skin was very badly 
eroded all around the circumference due to 
pressure of the ring. 


It is well known that the cone and other of 


the wearing parts of bicycles are usually made 


of vanadium or chrome steel, either one of 


which is of extreme hardness and is cut with 
great difficulty. Numerous ineffectual attempts 
were made to divide this piece of metal with a 
hack saw, 8 or 10 hack saw blades having been 
worn out in the course of eleven hours without 
making any headway at all worth while. It 
finally was decided that the only possibility 
of getting off this ring, or cone, was by re- 
vers ing the manner in which it had been put 
on. 

Under gas anesthesia, after making multiple 
punctures in the edematous skin and forcing 
out the serum, compressing the penis manually 
and with an Esmarch bandage, we finally 
succeeded in reducing its size sufficiently to 
enable us to gradually force it back through 
the opening in the cone by grasping a 
portion of the body with a sponge forceps and 
gradually working it back through the open- 
ing. The penis was considerably traumatized 
in the process but after a few days was appar- 
ently restored to normal. 

The case is reported merely because the ring 
could not be removed in the usual manner by 
dividing and spreading it and to describe a dif- 
ferent method of removal of the ring from that 
usually practiced in such cases. 


, 





*Submitted for publication August 10, 1930. 
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OLD AND MOULDY 
LIVER WENDELL HOLMES is‘ trace out the original model of the modern 








credited with saying people wanted 

their doctors like their cheese 
old and mouldy. Recently, we chanced 
across the fact that most teachers of the 
various branches of medicine like their 
textbooks dull and pedantic. 

Well do we remember our student days- 
the books we had to read, digest and 
memorize .. . most of them cures for 
insomnia. One stands out different from 
the rest. It was a book on office gynecology, 
recommended for collateral reading. This 
particular book may be described as “‘hu- 
man.” The author knew how to get his 
message across and at the same time 
entertain and interest the reader. Perhaps 
this is why we chose gynecology as a 
specialty. 

Someone might make it his hobby to 


textbook. Somewhere back in the prefossil 
age a savant did a book. It became a text 
for undergraduates in medicine. Since then 
99!¢ per cent of all medical writers have 
stuck closely to the original pattern. The 
illustrations and publishers may change 
but the contents go on forever. 

Within recent years a new note in medi- 
cal writing has been introduced. Without 
marring one bit the worth of the manu- 
script; ever keeping the main facts in the 
foreground, always advancing forward to 
definite, clean-cut conclusions, but never 
for a minute becoming dull and common- 
place, Walter Alvarez, first in his “‘Me- 
chanics of the Digestive Tract” and later 
in his “Nervous Indigestion,” stands forth 
brilliant against an old and mouldy 
background. 
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It chanced to come to our attention 
that a teacher wrote concerning a popular 
book: “‘I wish we could make every doctor 
and medical student in the country read 
the chapter on organic disease. I am doing 
my best to get my boys to study it. I 
fear the book is too entertaining to be 
introduced as a regular textbook—more’s 
the pity.” 

We have learned that the head of a 
department of a western university ob- 
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jected to another publication as a text- 
book “‘because the students might read 
it for pleasure.” This might give a clue to 
one of the many reasons chiropractic, 
absent treatments, and old Doctor Grindle 
are In vogue. 

Apparently textbooks, like some medi- 
cines, must taste vilely in order to be 


appreciated by certain’ teachers of 


medicine. 


ee W. 
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“COOPER'S FASCIA” 


folk was born in 1768. He was a 

pupil of John Hunter’s. It was 
written he was the most popular surgeon 
during the first quarter of the century. 
Bettany said, “No surgeon, before or 
since has filled so large a space in the 
public eye.” 

Cooper’s life was one continuous journey 
along the road of success. Few surgeons 
since the beginning of time have had so 
many engravings made of his likeness. 

In his early years he had little money 
and little practice. He married and with 
his wife came a fortune. Ever after he 
needed to pay scant heed to an income 
although his professional earnings were 
enormous. 

He became a demonstrator of anatomy 
at St. Thomas’s Hospital at the youthful 
age of twenty-one and eleven years later 
became surgeon at Guy’s Hospital (1800). 

Cooper was a pioneer in surgery of the 
vascular system, in experimental surgery, 
and in surgery of the ear. Early in the 
century he successfully ligated the common 
carotid and the external iliac arteries for 
aneurysms. Years later (1820 and 1826) 
he made post-mortem dissections of these 
cases. In 1817 he ligated the abdominal 
aorta, which would be an unusual feat 
even today. In 1802 he won the Copley 
Medal with an account before the Royal 
Society of this method of perforating the 
tympanic membrane for deafness resulting 
from obstruction of the Eustachian tube. 
He reported the results of 20 cases. 

In 1820 he performed a slight operation 


ASTLEY PASTON COOPER of Nor- 


on George 1v and was elevated to a 
baronetcy. 

With all his popularity and success few 
men worked harder or labored for longer 
stretches of time. He dissected every day 
of his life, even when travelling. He paid 
high prices to the body-snatchers of his 
time. Once before a committee in the House 
of Commons he stated that “there was 
no person, whatever his wordly place, 
whom he could not dissect if he would.” 

Cooper had a daily routine. He arose 
at 6 and dissected until 8, at which time 
he breakfasted on two hot rolls and tea. 
He saw poor patients for an hour, attended 
to his private practice until noontime. 
He then would drive to Guy’s to visit the 
wards. At 2 p.M. he lectured on anatomy 
at St. Thomas’s Hospital, after which 
he went through the wards with his stu- 
dents, dissected with them or performed 
operations until seven. He _ bolted his 
meals, After dinner he took a short nap 
and then lectured, dissected or attended 
his practice until midnight. He dictated 
his writings while riding in his carriage. 
He wrote books on “Hernia” (1804-07), 
“Injuries of the Joints”’ (1822), “Diseases 
of the Testis” (1830), and the “Anatomy 
of the Thymus Gland” (1832). He is 
remembered for Cooper’s fascia, Cooper’s 
glands, Cooper’s hernia, and _ other 
eponyms. 

Popular, “‘courteous-eyed, erect and 
slim,” cultured, at ease in all society, he 
attributed his success to his uniform and 
unfailing courtesy to rich and poor alike. 


Sir Astley died in 1841. _ - s 
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[From Fernelius’ Universa Medicina, Geneva, 1679.] 


BOOKSHELF BROWSING 


FOUR THOUSAND YEARS OF OBSTETRICS* 


J. Witttam White, M.D. 


SCRANTON, PA. 


BSTETRICS is that part of the 
science and art of medicine most 
intimately related to the function 
of reproduction, the foremost of the four 
primary, instinctive bases of nature. The 
word obstetrics comes from the Latin ob 
and stare, “‘to stand before,” “‘to protect.” 
While, in the strict sense, it should be 
applied to childbirth or parturition, usage 


justifies its application to all phases of 


human reproduction, with midwifery and 
tocology as synonyms. 
The function of reproduction is a closed 


cvcle of events interposed in the life of 


woman, and comprised of five periods: 
conception, pregnancy, labor, lactation 
and involution, with possibly a_ sixth, 
menses, a prerequisite. 

The history of obstetrics possesses a 
peculiar interest, and one by far more 


veneral than that of any other branch of 


medicine as its status and its progress 
are most intimately blended with the condi- 
tion of peoples and the extent of their 
civilization, 

The obstetric art, the assistance rendered 
during parturition, the care of the mother 
and child, is a necessity at all times. This 
branch of medicine applies to the physio- 
logical as well as the pathological state, 


and thus differs from all others the exercise 
of which is confined to morbid conditions. 

However remote the period, however 
crude or primitive the people, in ancient 
or modern times, aid was always given 
child-bearing women. Long before medicine 
was conceived as an art, women who bore 
children received attention from the most 
primitive peoples who, taught by experi- 
ence, assisted their neighbors as a warrior 
or hunter renders primary surgical aid to 
his wounded fellow. 

Much information relative to the partu- 
rient of the dark age remains conjectural 
and obscured by mists only dispersed 
with the advent of the earliest records. 
It is quite natural to assume, however, 
that obstetrics was the art first and most 
frequently called for and that it attained 
a certain degree of perfection at relatively 
an early day. It its almost inconceivable 
that not a step forward was taken for two 
thousand years, from the time of Hippo- 
crates until Paré and Vesalius laid the 
foundation for the modern scientific school. 

In early days it was woman who gave 
aid to her sister in child-birth; the art was 
in the hands of women, usually of low 
caste. It was looked upon as woman’s 
work, and progress was thus impeded, if 


* Read before the P. Brooke Bland (Jefferson Medical College), and the Barton Cooke Hirst (University of 
Pennsylvania) Undergraduate Obstetrical Societies in Joint Meeting, February 25, 1926. Submitted for publication 


December 22, 1930. 
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not impossible. While the aid of priests or 
men thought possessed of mystic powers 
was sought in difficult cases, they were at 
other times carefully excluded from the 
lying-in room, and thus prevented from 
gathering the experience necessary to 
progressive innovation. It was eminently 
the sphere of woman, and so considered 
until the era of modern scientific medicine. 
We need but recall the experience of Dr. 
Wertt, of Hamburgh, Germany, who in 
1522, attired as a woman, sought to attend 
and study a case of labor and was burned 
alive for his endeavor. We may also recall 
the experience of Dr. Willoughby one 
hundred years later, who, while assisting 
his midwife daughter, was obliged to craw! 
on his hands and knees into the darkened 
room. 

The title of maeutt, man-grandmother, 
was given by the Greeks in the time of 
Hippocrates (400 B.c.) to men called in 
difficult cases and this spirit prevailed to 
the scientific period, as indicated by the 
appellation given Chamberlen, “‘the man- 
midwife,’ who devised the forceps in the 
middle of the sixteenth century. 

We may look to the obstetric practice 
of a people as indicative of their civiliza- 
tion, culture, and morale. In America the 
practice of obstetrics is considered not 
alone as worthy of the physician, but as 
one of the most important branches of his 
art, and in this country confinements 
among native-born women are, as a rule, 
conducted by physicians. In striking con- 
trast to this in older countries, until fairly 
recently, even among the higher classes, 
the treatment of women in labor was 
largely the province of the midwife. 

With the growing importance of ana- 
tomical and physiological knowledge, with 
the supremacy of the male scientific 


obstetrician, local and national peculiari- 
ties gradually fade away and the obstetric 
art assumes a more important position 
among the various branches of medical 
science. Not until recently, however, has 
obstetrics come to occupy the position it 
deserves by priority and importance. Side 
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by side with higher development of the 
art in our present civilization, the various 
epochs of the empirical stage through which 
it has passed still persist. Obstetrics, as it 
existed before the time of the Pharaohs, 
and previous to the time of Greek civiliza- 
tion, is faithfully preserved among races 
and peoples who remain primitive. Side 
by side with the axis-traction forceps, the 
perfected cesarean section, aseptic tech- 
nique, strict teaching, legislative edicts, 
and most modernly equipped lying-in hos- 
pitals, all epochs of empiricism are repre- 
sented, even to the very earliest intuitive 
practices, as they must have existed in 
Egypt or in Greece before the time of 
Homer. 

Among the Mexican Indians and certain 
negro tribes of Africa, obstetrics persists 
unadorned by modernization. These simple 
people with their primitive resources, 
however, before the taint of present mis- 
cegenation of races, were by no means as 
helpless as might appear at first sight. 
Labor was more natural, the parturient 
exposed to fewer dangers, for it is now 
known that difficulties of childbirth in- 
crease proportionately with progress civilly 
and economically. This is not due so much 
to degeneracy of humanity, brought about 
through lives of relative ease and luxury 
as it is to the danger of infection in crowded 
localities, and the increasing dispropor- 
tion between passage and passenger, a 
change in relationship between the head 
and pelvis, fostered perhaps by an admix- 
ture of races, resulting in hybrids, progeni- 
tors of future mutations. 

These elements of danger are wanting 
in the primitive peoples, where inter- 
marriage of nations, or even tribes, Is 
almost unknown. Guided by natural in- 
stinct, the expectant mother prepares for 
her sufferings in seclusion, usually near a 
stream into which she may plunge imme- 
diately after delivery. There her tent is 
pitched and only those who have had easy, 
uncomplicated labors resulting in healthy 
offspring are granted access. Only along 
the borders of civilization, where natives 
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are confined legitimately or otherwise, by 
foreign breeds, is labor looked upon with 
any degree of apprehension. 

Merely as a matter of interest, let us 
review some of the principal characteristics 
of intuitive practices, much, though not 
entirely, like those carried out by our more 
recently civilized North American Indians, 
chiefly, the Comanches, Sioux, Kiawas, 
Flatheads, Creeks and Crows. 

First, labor was thought due to a fetal 
desire to change its environment, its mode 
of life, as expressed in movements. 

Second, the character of the labor was 
referable to the child, or to its disposition, 
and a fetus so perverse as to cause diffi- 
culty merited death, together with the one 
who was so evil and cursed as to bear such 
an one. 

Third, in the main, aid was given by 
varying the posture. The parturient usually 
assumed a squatting position and thus 
called into use accessary muscles ordinarily 
concerned with defecation. 

Fourth, the uterus was secondarily 
stimulated by pressure with the hands, 
kneading and shampooing, or by com- 
pression of the abdomen with the end of a 
pole or, in some instances, by the applica- 
tion of a belt. 

Fifth, a slowly dilating os was stimu- 
lated, never dilated manually. 

Sixth, as a rule, the funis was not severed 
until the secundines were extruded. Blunt 
instruments, a finger nail, or the teeth 
served the purpose of scissors and the cord 
was cut usually within a few inches of the 
umbilicus and then dried as quickly as 
possible, sometimes by rolling it between 
the fingers before an open fire for twenty- 
four hours. The placenta was delivered by 
various expectant methods, one of which 
was tying the cord to the great toe, where, 
upon involuntary extension, mild and 
limited traction was exerted. 

Seventh, post-partum uterine contrac- 
tractions were procured by _ kneading, 
by a carefully directed spray of water 
between the teeth or a plunge into the 
neighboring stream. 
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Eighth, the puerperium ended either 
immediately after the plunge or after an 
interval of rest, the latter extending over 
a period of not more than seven days. 
The period of comparative isolation, during 
which the parturient and her surroundings 
were “unclean” varied, but it was the 
usual custom to smoke or burn elements of 
contact before she assumed her natural, 
tribal duties. Supporting belts or binders 
were worn by some for successive days or 
months, according to the custom. 

Do not these facts impress one that our 
naive sister had some idea, instinctive 
if you desire, but none the less comprehen- 
sive, of hygiene, of assisting nature, and 
last but not least, of protecting herself 
against infection? Through how many 
years or at what price she gained this 
knowledge is by its obscurity mysterious. 
We can think only within limits of the 
finite, in terms of our own enlightenment. 
For much we must revert to historical 
records. From these knowledge is amassed, 
and it is desirable in an effort at learning to 
pay strict regard to chronological sequence. 

Therefore, this important subject may 
be divided, according to Courier, into 
seven periods as follows: 

1. All that precedes the time of Hippoc- 
rates, when observations were recorded 
and deductions made therefrom. 

2. From the time of Hippocrates, the 
fifth century B.c., to the Arabian physicians 
of the ninth century. 

3. From the Arabians of the ninth 
century to their disappearance in the 
twelfth century. 

4. The period of relative darkness, 
from the thirteenth century to the time 
of Ambroise Paré, 1550. 

From Paré to the general knowledge 
of the obsetetrical forceps in the seven- 
teenth century. 

From the general knowledge of for- 
ceps to the use of chloroform during labor 
in the middle of the nineteenth century. 

From the use of chloroform to the 
present time, including the development 
and use of antiseptics in obstetrics. 
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FIRST PERIOD 


When obstetrics became an art and was 
practiced as such we have no means of 
knowing. It is sufficient to note that in 
that ancient book, the Bible, abnormalities 
in parturition were observed, and that the 
function of the midwife was recognized 
more than 4000 years ago. Thus the birth 
of twins, Pharez and Zarah, is noted in 


Genesis, and the first recorded instance of 


spontaneous version Is given. 


And it came to pass in the time of her 
travail that twins were in her womb. One put 
out his hand and the midwife took and bound 
upon his hand a scarlet thread saying—this 
came first. And it came to pass as he drew back 
his hand that his brother came out, and she 
said how hast thou broken forth? This breach 
be upon thee; therefore, his name was called 
Pharez and after came out his brother that 
had the scarlet thread upon his hand, and his 
name was called Zarah.! 


The Egyptians of 4000 or more years 
ago, a highly cultured race, lived in cities. 
The change from a natural or nomadic life 
meant more or less change in structural 
anatomy and, consequently, more or less 
change in the structure of the pelvis, and 
this was the occasion for the development 
of the midwife. The Bible declares that the 
Hebrew women in Egypt had easier labors 
than the Egyptians and consequently, the 
midwives had less occasion to render them 
assistance. 


And the King of Egypt called for the mid- 
wives and said unto them, Why have ye done 
this thing and have saved the men-children 
alive? And the midwives said unto Pharaoh, 
Because the Hebrew women are not as the 
Egyptian women, for they are lively and are 
delivered e’er the midwives come in unto 
them.” 


Difficult labor is recorded in the twin- 
birth of Esau and Jacob, when the latter 
presented an arm, an indiscretion con- 
stituting an early recorded instance of 
shoulder presentation. 

' Genesis: xxxviii, 27-30. 

? Exodus: 1, 18-19. 
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And when her days to be delivered were 
fulfilled, behold, there were twins in her womb; 
and the first came out red all over like an 
hairy garment, and they called his name 
Esau. And after that came his brother out and 
his hand took hold on Esau’s heel, and his 
name was called Jacob.* 


The difficult labor of Rachel is also 
mentioned, which, though encouraged by 
surrounding attendants or midwives, she 
was unable to withstand and succumbed. 


And it came to pass when she was in hard 
labor that the midwife said unto her—Fear 
not for thou shalt have this son also. And it 
came to pass as her soul was in departing (for 
she died) that she called his name Ben-oni, 
but his father called him Benjamin.# 


Other interesting facts in the Biblical 
account are that the parturient was 
delivered upon a stool or obstetric chair 
and the women were accustomed to help 
themselves when in labor, probably by 
pressing and pulling on some resisting 
object. 

‘And he said when ye do the office of a 
midwife to the Hebrew women and see 
them upon the stools, if it be a son then ye 
shall kill him, but if it shall be a daughter 
then she shall live.’”® 

The law of Moses prescribed the purifica- 
tion of women after labor. It demanded a 
period for her recuperation, and the return 
of her genitals to the normal or unimpreg- 
nated condition. 

The Talmud recognized the period of 
pregnancy as two hundred and seventy to 
two hundred and seventy-three days and 
stated that pregnancy could not be deter- 
mined prior to the fourth month. It 
anticipated the error of Hippocrates, that 
an eighth months’ fetus was not viable, 
and declared that the child floated in the 
amniotic sac folded up like a scroll. 

In Egypt in addition to the midwives, 
mystics and priests, the latter repositories 
of much of the knowledge of early times, 

8 Genesis: xxv, 24-26. 

4 Exodus: 1, 16. 

5 Exodus: 1, 16. 
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rendered assistance in difficult labors. 
Their experiences with the dead supposedly 
permitted of some knowledge of anatomy 
however vague. 

Obstetrics of ancient India leaves little 
to posterity in the records. They thought 
the embryo fastened itself to the womb in 
the first month, was egg-shaped in the 
second, that the head and extremities 
began to grow in the third, that the head 
and trunk took distinct form in the fifth 
month and that these became more definite 
in the sixth and seventh months; in the 
eighth month the child became uneasy, 
and was born from the ninth to the 
twelfth month. The head should always 
come first, the face turned toward the 
maternal spine in prayer and looking to 
earth just before birth took place. It is 
thought also they possessed some knowl- 
edge of extraction by podalic version, 
cesarean section upon the dead, embry- 
otomy and craniotomy upon the likely 
still-born, and that they advanced so 
as to recognize various presentations and 
abnormalities and possibly devised arti- 
ficial means in their efforts to remedy the 
latter. 

The ancient Japanese practiced friction 
of the abdomen to facilitate labor, per- 
formed external version, and determined 
the existence of pregnancy by certain signs 
in connection with the pulse, abdomen and 
breasts. 

When we come to the Greeks we reach 
the fountain of recorded observation in 
arts and science. Naturally we like to 
invoke Hippocrates who lived in the fifth 
century B.c. and whom we affectionately 
revere as the Father of Medicine. The 
midwives of his day attended all wants of 
the parturient, encouraging labor pains by 
massage, sternutatories, and emetics, mak- 
ing the patient walk about and even 
shaking her if labor was too long delayed. 
If she died undelivered, the recognized 
practice was the immediate performance 
of cesarean section, and when the child 
was born alive they sang holy songs to 
greet it. Midwives also induced abortions, 
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which were thought legitimate if in accord- 
ance with the desire of the impregnated. 

It was in this period that private lying-in 
asylums were established. In punishment 
for the mistakes of midwives, which cer- 
tainly were not few, Aristotle forbade 
midwifery practice in Athens by a law 
which was not repealed until 285 B.c. 

Hippocrates was a teacher, and it was 
his belief that a seven months’ fetus was 
viable, while one of eight months was not, 
a fallacious observation handed down 
almost to our own time. He and his fol- 
lowers advised the manual separation of 
the placenta when expulsion was delayed, 
and laid down rules for destructive oper- 
ations such as embryotomy, craniotomy, 
perforation, hook extraction and amputa- 
tion of the limbs. 

The Roman custom of calling upon 
their goddesses, Lucina, Juno and Diana 
for assistance obscured Latin scientific 
contribution. 


SECOND PERIOD: 500, B.C. TO 800, A.D. 


From the fourth century B.c. to the time 
of Galen, the first century A.p., little was 
added to the art. Galen, neither an obste- 
triclan nor surgeon, taught that milk 
appeared in the breasts as the result of 
pressure upon the visceral blood vessels; 
and it was he who advocated what later 
became particularly noteworthy of the 
period, that destructive obstetrics was 
eminently man’s domain. 

Following Galen there appeared obste- 
tricians of merit. In this group were Celsus, 
Soranus of Ephesus, Moschion and Aétius. 
Celsus (25 B.c. to 50 A.D.) recognized 
head, thigh, foot and transverse presenta- 
tions in his practice. Soranus of Ephesus 
(100 A.D.) remains the most distinguished 
obstetrical writer of antiquity. He taught 
that inversion of the uterus might follow 
hasty or faulty delivery of the placenta, 
and that premature rupture of the mem- 
branes delayed and made difficult labor. 
He was the first to divert from the belief 
that the one and only normal presentation 
was vertex. He devised the knee-elbow 
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position and did both cephalic and podalic 
versions in the delivery of living children. 
One of his pupils, Rufus, was the first to 
describe the Fallopian tubes. 

Moschion described the fetal membranes 
and taught that the menstrual blood 
nourished the fetus, that the period of 
lactation was of eighteen months’ duration, 
that the os might be dilated manually, 
that the membranes might be artificially 
ruptured, that the placenta might be 
extracted manually and that the cord 
should be tied with two ligatures and cut 
between them. 

With the coming of Aétius (501-575 
A.D.) there appeared a new light in the 
literary gloom which had persisted for 
two hundred years. He industriously col- 
lected and submitted previously inacces- 
sible writings. He discussed puberty, men- 
struation, the signs of pregnancy, embry- 
ology, the cord, and obstacles of labor. 
His articles considered the narrow pelvis, 
the obliquity of the pelvis, the hygiene of 
pregnancy, the use of pessaries for prolapse 
of the uterus, ankylosis of the pubis, 
polyps and other obstructive elements to 
labor, including distention of the rectum 
and bladder, as well as the rdle played 
by the fetus. His originality is further 
expressed in the use of a vaginal speculum 
and a pre-forceps device, the two-bladed 
crochet. The period closes with Aétius 
supreme, his followers, amongst whom 
was Paul of Aegina, carrying on as 
imitators. 


THIRD PERIOD 


After Paul of Aegina came a period of 
sterility and darkness until the Arabs 
picked up the torch in the ninth century. 
Arabian medicine found its principal dis- 
ciple in Avicenna of Ispahan, an adherent 
of the Greeks, who dignified their mistakes 
by repetition. With his name, appearing 
between the ninth and twelfth centuries, 
are those of Albucasis, Misdrach and 
Almisdrach, all advocates of the destruc- 
tive forceps. 

With the downfall of the Arabs at the 


end of the twelfth century, came another 
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long period of obstetrical gloom, though 
illumined before and afterward by an 
occasional gleam of light. But before this 
downfall there was founded the school of 
Salerno, in the eleventh century, followed 
by those of Bologna and Paris, with the 
translation of the Arabic writers into 


Latin of the Middle Ages. 


FOURTH PERIOD 


The thirteenth and fourteenth centuries 
are mostly a blank, except for the appear- 
ance of an unimportant work on “Repro- 
duction and Birth” by Albertus Magnus, 
a Dominican priest of the thirteenth 
century (1193-1282). 

In the fifteenth century the Renaissance 
had already appeared, printing had been 
discovered, the universities of Prague, 
Rostock, Leipzig and Griefswald had been 
founded, and Italian gynecologists were 
at work. 

In 1513 Résslin published “A Garden 
of Roses for Pregnant Women and Mid- 
wives,’ a compilation of what had been 
written since the time of Hippocrates, 
and in 1554 Rueff, of Zurich, published a 
book for midwives, following closely the 
principles found in Résslin to which he 
added descriptions of manual dilatations, 
extractions of placenta, alterations of 
position in delay, and a long, smooth, 
duckbill forceps for extraction of the head, 
for which latter he is therefore accredited 
by Crantz, Stein and others, as inventor 
of the forceps. Rueff, however, made only a 
forward step in advance of Aétius, for his 
forceps were truly destructive. 

The sixteenth century opened the first 
clinic for the instruction of midwives at 
Padua. 

In England in 1518, Lanfranc, the court 
physician to Henry vil, obtained a “pat- 
ent” for the Royal College of Physicians 
from which time obstetrics assumed impor- 
tance in that country. The first English 
work of merit was published by Raynolds 
in 1565, “The Byrthe of Mankind.” 
This effort, though translated into Dutch, 
French, Spanish, Latin and other lan- 
guages, bore two mistakes of note; that 
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vertex presentation was the only natural 
position and that the face and foreparts of 
the child faced the foreparts of the parent. 


FIFTH PERIOD 


There was every reason why all depart- 
ments of medicine should now make great 
progress. Letters had revived, the art of 
printing diffused with great rapidity, 
Vesalius, Columbus and their followers 
had developed the anatomy and physiology 
of the pelvis as never done before, and 
the mistakes of 2000 years, dating from 
Galen and Hippocrates were rectified. 
To this period belong Fallopius and 
Eustachius. 

The real genius in obstetrics next ap- 
peared in France in the person of Ambrose 
Paré, whom Smellie honored in the ex- 
pression, ““The famous restorer and im- 
prover of midwifery.” Paré was in 
association with the school of Paris, at this 
period the foremost in the world, and 
surgeons of his following thought it not 
beneath their dignity to emulate Paré 
even in the realm of obstetrics. For the 
first time men began to encroach upon 
the domain and prerogative of midwives, 
to dispel the inherent modesties of woman. 
It was Paré who instituted cesarean section 
on the living, imitating Jacob Nufer, a sow 
gelder, who thus successfully delivered his 
wife. Paré recognized five positions as- 
sumed by the fetus, but admittedly 
declared his ignorance as to which was 
normal. He was indeed a conservative 
obstetrician, and an adept at _ podalic 
version. 

To this period belongs the discovery of 
our modern obstetric forceps by Peter 
Chamberlen who practiced in London, 
under license of the Barber Surgeons 
Company, 1598 to 1630. He was accoucheur 
to the Queens of James 1 and Charles 1. 
The three generations which followed him, 
kept the family secret which was finally 
sold to Roonhysen of Amsterdam in the 
latter part of the seventeenth century. 


SIXTH PERIOD 


In the seventeenth century man-mid- 
wives, as obstetricians were called, had 
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become fashionable in France and among 
those Maurceau was preeminent. He cor- 
rected the idea prevalent that amniotic 
fluid consisted of maternal blood and milk; 
he described the phenomenon of normal 
labor, called attention to placenta previa, 
described the necessary steps in the per- 
formance of version, denied that the pelvic 
bones separated in labor, discussed diffi- 
culties proceeding from the umbilical cord, 
epidemic puerperal fever, and gravity as 
a factor in vertex presentation, declaring 
that fetal movements were not, while 
muscles were responsible for birth, and was 
the first to call attention to tubal pregnancy. 

In England, Willis defined puerperal 
fever and Needham wrote on fetal nourish- 
ment by way of the placenta. 

Van Deventer, of Holland, dealt chiefly 
with deformities of the pelvis and spine 
and their effects on labor. 

Palfyn presented a parallel, bi-blade 
forceps to the Academy of Science in 
Paris (1717) and was criticized severely 
by De la Motte, who wrote rules for version. 

In 1747 Smellie or Levret added the 
pelvic curve to Chamberlen’s invention. 

Puzos, a French enthusiast, advocated 
external abdominal pressure to control 
post-partum hemorrhage, the early rupture 
of membranes in placenta previa, the 
protection of the perineum during delivery 
and friction of the os uteri to induce labor 
pains. Baudelocque contributed treatises 
on pelvic measurements, symphysiotomy 
and the induction of labor. 

Germany’s influence is comparatively 
nil until the next century, though Siebald 
performed a symphysiotomy in_ 1778. 
Among others whose names have come 
down to us as significantly important in 
their time may be mentioned Stahl, 
Roederer, Stark, Stein, Zeller and Heiser 
of Helmstadt. Heiser was the first to 
deliver lectures on obstetric science. 

Great Britain offers many names in 
connection with obstetrics of the eighteenth 
century. Manningham, like his contem- 
poraries Smellie and Hunter, employed 
manikins to demonstrate procedures of 
examination and delivery. He vehemently 
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protested against cesarean section, scoring 
it as a hopeless risk. With Van Deventer 
he advocated the depression or fracture 
of the coccyx as an aid in difficult labor. 

Fielding Ould, a Dublin physician of 
1742, was the first to describe the mecha- 
nism of labor further elaborated upon by 
Smellie and later revised with an endow- 
ment of perfection by Naegele. At this 
time version was the recognized practice 
of selection, while delivery by forceps was 
rather neglected. However, Smellie devised 
the precursor to low forceps, an instrument 
of application in our own day. William 
Hunter, his pupil, and for many years a 
distinguished practitioner in London, built 
an anatomical theater in which he demon- 
strated obstetrics through the use of 
manikins, and collected a series of unex- 
celled plates made during thirty years’ 
dissection upon pregnant uteri. He dis- 
covered the decidua reflexa and, unlike 
Smellie, refused to use forceps of whatever 
design, and proudly exhibited his own 
implement rusty from disuse. 

Charles White was at this period a pro- 
lific writer who received the distinction of 
being the pioneer in antiseptic midwifery; 
yet a century passed, with its toll of lives 
lost to puerperal fever, before the sug- 
gestions of White bore fruit. Thomas Den- 
man’s article on the transmission of 
infections by doctors and midwives was 
completely ignored. 

John Aiken, the advocate of an exsection 
of part of the bony pelvis in preference to 
cesarean section, and R. W. Johnson, who 
devised a forceps with pelvic and perineal 
curves, honored the end of this period in 
England. 

In the United States, it is interesting 
to note that the closing years of the eight- 
eenth century, which witnessed our en- 
trance into the family of nations, also 


marked the beginning of obstetric teaching 
by the younger Shippen in Philadelphia 
(1765). 

The nineteenth century found obstetrics 
well established in all parts of the civilized 
world and its principles well understood 
and comprehensively set forth in textbooks 


Obstetrics 


American Journal of Surgery 57 I 
of the different languages. Henceforth, 
there remained, with the exception of 
anesthesia and the development of the 
antiseptic theory, only the improvement 
or elaboration of ideas laboriously wrought 
down through the ages. 

It was a century preeminently devoted 
to teaching as shown by the following 
outline: 

In learning Germany ranked first with 
her elegantly regulated universities, guided 
by geniuses of skill and erudition. Vienna, 
where instruction is truly German, remains, 
with her Allegemeines Krankenhaus, an 
attractive center for students from all 
parts of the world. It was there that 
Semmelweiss preached the ‘Doctrine of 
Cleanliness to deaf ears,” and lost his 
mind in disappointment and chagrin when 
his efforts failed. The following generation 
realizing that his hands, dipped in chloride 
of lime, were by far cleaner than the hands 
of those who scoffed at his theory, erected 
a monument to his memory. 

Germany at this time also had pride 
in such men as Boér, Schmitt, Gustav, 
Carl Braun and Spaeth. Prague University 
had Klein, Wachter, and Jungmann; Mu- 
nich, Hecker and Winkel; Breslau had 
Spiegelberg; Wiirtsburg had Doutrepont, 
Kiwisch, and Scanzoni; Berlin, Von See- 
bald, Busch, Edauard Martin, Schraeder 
and Gusserow; Leipzig, Sanger, who per- 
fected cesarean section. 

Original works of the period were indeed 
not wanting. Deformities of the pelvis 
were carefully studied and placed in the 
literature by Naegle, Rokitansky, Leitz- 
man, Stein, Micheals and Klein. Other 
German scientists, assured places in poster- 


ity through their contributions, were 
Waldemeyer, Walcher, Credé, Wenzel, 


Stark, Hohl, Carus, Wigang, Ritgen, Kilian, 
Fehling, Zweifel, Ahlfeld and Leopold. 

In France, Paris was the center of 
learning. At the University were Velpeau, 
Baudelocque and Stoltz, the last-named 
being the first to associate his name with 
the study of premature labor. 

Two books, the seeds from which texts 
subsequently sprang, compilations from 
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the study of 40,000 cases, were written 
by Mesdames La Chappelle and Boivin, 
French midwives of commanding intellect. 
To the latter is attributed the first descrip- 
tion of hydatidiform mole. With the 
appearance of Lord Lister’s antiseptic 
theory, Tarnier closed French obstetrical 
history for the period with his contribu- 
tion of the axis-traction forceps. 

In the nineteenth century Great Britain 
gave birth to many obstetricians and by 
the luster of her schools at Dublin, Edin- 
burgh and London, acquired others. Eng- 
lish texts bear the names of Churchill, 
Barnes, Leishman, Playfair, Milne, Gala- 
bin, Duncan and Ramsbotham. Barnes 
contributed the dilating bag, and Braxton 
Hicks the combined internal and external 
version, 

In England it was the period of physio- 
logical acknowledgment, where nature was 
granted her portion in contradistinction 
to the previous form of “‘meddlesome 
midwifery.” 


SEVENTH PERIOD 


The most brilliant and useful obstetric 
discovery of this century was that of 
chloroform anesthesia for labor by James 
Simpson of Edinburgh. Although the 
anesthetic powers of sulphuric ether had 
already been announced by the Americans, 
Morton, Jackson, Wells and Riggs, Simp- 
son was a pioneer in eliminating painful 
labor. But even more important than the 
discovery of a means to eliminate or at 
least mitigate pain, was Lord Lister’s 
theory of antisepsis, in which the bud 
nurtured by White and Semmelweiss burst 
into bloom. 

Surgical obstetrics took a firm footing 
during this century in Italy where 
Morisani, Galbiati, and Gigli revived 
symphysiotomy and Bossi introduced the 
mechanical dilator. 

American obstetrics, although a new 
element among scientific forces, was able 
to exert great influence through the teach- 
ings of Dewees, Hodge, Meigs, Goodell 
and Parvin in Philadelphia. Their text- 
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books, with that of Lusk, have influenced 
American obstetric practice even to this 
day. In New York, Boston, Baltimore and 
Chicago schools have gained prominence 
through their excellent work. 

Early in the century, 1808, John Stearns 
of New York introduced ergot to the 
profession. 

In 1843 Dr. Oliver Wendel! Holmes wrote 
a noteworthy essay on “The Contagious- 
ness of Puerperal Fever,” and thus we are 
led to the threshold of the present, to 
our contemporaries, who are putting forth 
their best efforts to solve remaining 
problems. 

The work of contemporaneous American 
obstetricians is not yet a matter of history; 
but in teaching, in the development of 
textbooks and treatises, and in the practical 
application of the science and art of 
obstetrical practice, the American obste- 
tricians of today are in the forefront and 
doing work as good as is done anywhere 
in the world. 

This paper could have no greater purpose 
than to commend to teachers and students 
the remaining problems of obstetrics, with 
special emphasis on practical instruction 
in the lying-in chamber, on perfection in 
the management of normal labor, and on 
general obstetrical research and the in- 
troduction of the antiseptic methods of 
the hospital into private practice. 
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BOOK REVIEWS 


SurGIcAL Dyspepsias. By A. J. Walton, 
M.S., M.B., B.SC. Ed. 2, 720 pp., 286 illus., 
N. Y., Longmans, Green & Co., 1930. 


Too many textbooks are written by men who 
seem to be handicapped either by a lack of 
clinical experience or else by a reluctance to 
depend on it for their inspiration. Too often 
they spend most of their time copying from 
older books, the writers of which copied from 
still older sources. As a result, the literature 
on every subject is cluttered up with state- 
ments which, although hoary with antiquity, 
are wrong and misleading. It is, therefore, a 
joy when one finds in a new book a thorough 
discussion of a subject by some man who has 
lived and worked and observed closely, and 
who has had the courage and the ability to 
describe well what he saw. 

The reviewer regrets that he hasn’t the time 
to read Walton’s book from cover to cover. 
The distinguished London surgeon naturally 
looks at disease of the digestive tract from the 
point of view of the surgeon, but this makes 
his book all the better for the gastroenterologist, 
who ought more often to learn when to render 
unto the surgeon what is his. Most of the space 
is devoted to a discussion of gastric and duo- 
denal ulcer, carcinoma and sarcoma of the 
stomach, surgical diseases of the liver, biliary 
tract and pancreas, and the technique of 
operations on the stomach and gall bladder. 
The last two chapters on the surgical treatment 
of visceroptosis, which in this edition have 
been greatly shortened, might well have been 
omitted. 

In these days, when many gastroenterologists 
are still hooting at the idea that there is danger 
in treating large gastric “ulcers” medically, 
it is refreshing to find an intelligent discussion 
of the problems involved. It is comforting 
also to find on page twenty-one the statement 
that “if the patient has been free from all 
abdominal symptoms until a few weeks or 
months before advice was sought, it is unlikely 
that the disease is one of chronic gastric or 
duodenal ulcer, gall stones, or visceroptosis. 
If over middle age, and the history has been 
short, it is probable that the condition is one of 
carcinoma of the stomach.” 

An American physician or surgeon writing 
such a book would probably have put in more 
detail about the preoperative and postoperative 


care of patients, about the avoidance of 
dehydration, and about the use of modern 
laboratory methods, but the reviewer does 
not feel like caviling about minor defects in 
an otherwise thoughtful, interesting, and useful 
book. Having himself lived through long 
weary months, during which every spare 
moment was devoted to writing and to the 
correction of manuscript and proof, he has 
great admiration for and gratitude to the busy 
surgeon who could find time to write so much 
and so well. 


CuinicaAL ALLERGY. By Francis M. 
Rackemann, M.D. 631 pp., 30 illus., N. Y., 
The Macmillan Co., 1931. 

Here is a practical and at the same time 
scientific work on “Clinical Allergy.” The 
subject is discussed from every angle and the 
bibliographic references at the end of each 
chapter render further data easily available. 
“Mechanism and Treatment of Asthma and 
Hay Fever” are also taken up in the most 
practical manner. Appendix a, with an “Alpha- 
betical List of Those Foreign Substances 
(Allergens), Except Pollens, Proved to be 
Causes of Allergic Manifestations as Recorded 
in the Literature and in Practice,” is invaluable 
and, we believe, unique in its completeness. 
Appendix B, with a discussion of “‘Asthma 
Nostrums” should enable the physician to 
annihilate any patient’s faith in any of the 
substances listed. This is a type of monograph 
that is badly needed in medical literature 
and the author is to be congratulated on the 
production of a work that is a credit not only 
to himself, but to the entire profession. 


How Ir Happenep. By Adalbert G. 
Bettman, M.D., F.A.C.S. 110 pp. Phila., 
F, A. Davis Co., 1931. 


Edgar Lee Masters for writing his “‘Spoon 
River Anthology” has much to account for. 
“How It Happened” is one of the things he 
will have to take the blame or credit for. We 
suppose it would be called blank verse, though 
we can see no verse to it at all. 

Rather tritely and tartly, the stories are 
told of many of the problems that the doctor 
must face. The boy, who “painted the town 
red” just once after the army examination 
and then landed in the venereal squad, is here 
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with the girl, who had to suffer for appearances 
being against her. The mother, who was too 
busy to nurse her baby, and the wife, who 
put off having children for too long, both tell 
their tales of woe. 

The stories are there; they are true; they 
are known to every physician. If the book 
were read and its lessons taken to heart by those 
for whom it is intended, it would be worth 
while. But, will those who need it, read it? 
If they read it, will they heed it? That is the 
question! 

The author is a crusader with the courage 
of his convictions and is to be congratulated 
on his willingness to express them in a rather 
unconventional form. 


Diet AND CARE OF THE SURGICAL 
Case. By Reynold H. Boyd, M.B., cH.B. 
(N.Z.), F.R.c.s. (Edin.). 110 pp. London, 
H. K. Lewis & Co., Ltd., 1930. 


A short and practical book on a subject of 
utmost importance to every surgeon. It pre- 
sents a definite point of view concisely yet com- 
pletely. A similar work based on American 
practice would be very desirable in _ this 
country. 


MeEpIcAL JURISPRUDENCE. By Elmer D. 
Brothers, B.s., LL.B. Ed. 3, 309 pp., St. 
Louis, The C. V. Mosby Co., 1930. 


This is the third edition of a concise and 
practical book on “Medical Jurisprudence.” 
Where a larger book is not available, it will 
be found a great convenience to have this 
volume on hand for casual reference. 


Ora Diseases. By James L. Zemsky, 
D.D.S. 402 pp., 414 Illus., Brooklyn, Physi- 
cians and Surgeons Book Co., 1930. 

A hastily put together and much padded 
monograph that will be of greater interest to 
dentists than to surgeons. 


Die RoENTGEN LITERATUR, X Teil, 1929, 
Autoren—Und Sachregister 1929 Patent- 
literatur 1929, by Dr. Herman Gocht, 


Book Reviews 





MARCH, 1931 


University of Berlin. Stuttgart, Ferdinand 
Enke, 1930. 

Here is another volume of Dr. Gocht’s 
periodical listing of the roentgenological litera- 
ture. This tenth volume includes much of the 
1929 literature on the x-rays in diagnosis and 
therapy, but one notes with regret the failure 
to include some important American con- 
tributions. It would increase American interest 
in these valuable annual contributions if more 
care were exercised in making the list complete. 
This series of literature references constitutes 
a nearly complete bibliography of the entire 
literature on roentgenology. It should be found 
in every medical library. 


Les Fonctions Hepato-Biviaires. By 
M. Chirary et F. Thiebault, Paris, Masson 
et Cie, 1930. 

This is a brief summary of practically all 
of the tests that have ever been proposed for 
the estimation of liver function. The book 
doubtless will have some interest for specialists 
in this field but, unfortunately, the writers, 
if they have had any clinical experience with 
the various tests, fail to mention it. Their 
lack of clinical experience is indicated by their 
failure to note that at least in this country the 
test of Abel and Rowntree, modified by Rosen- 
thal, is the one commonly used. Strange to say, 
there seems to be no mention of Rowntree in 
the whole book. 


TECHNIQUES HISTOLOGIQUES DE NEURO- 
PATHOLOGIE. By Ivan Bertrand. Paris, 
Masson et Cie, 376 pp., 1927. 

This is the most complete treatise on the 
subject yet available, covering as it does all 
the technical methods which are of use to the 
neuropathologist. It includes everything that 
is necessary, even down to details of making 
autopsies. Every laboratory has its own modi- 
fications of the various methods; modifications 
which it would obviously be impossible to 
include, but otherwise the volume is complete. 
Every neuropathologist will want to have a 
copy. 
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PRINCIPLES OF PREOPERATIVE 
&? POSTOPERATIVE TREATMENT 


CHAPTER V 
BLOOD TRANSFUSION 


1. DEFINITION OF TERMS 


Blood transfusion may be defined as the process by which 
either unchanged whole blood or blood to which an anticoagu- 
lant has been added is transferred from the blood vessels of 
one person to those of another for therapeutic purposes. The 
person receiving the blood, i.e., the patient, is technically 
known as the recipient, and the person giving it is designated 
as the donor. When unchanged blood is allowed to flow directly 
out of the vessels of the donor into those of the recipient, or 
in cases in which the intermediate channel of transfer is merely 
a tube without other accessories, the process is called direct 
transfusion; when the blood is first withdrawn into some form 
of vessel or reservoir and then injected by means of pressure 
other than that generated within the vessels of the donor the 
process is called indirect transfusion. Accordingly, direct 
transfusion always signifies the transference of blood virtually 
exactly as it circulates in the vessels of the donor, i.e., unmodi- 
fied or whole blood, whereas in indirect transfusion either whole 
blood or blood to which an anticoagulant has been added may 
be used, depending on the particular indirect process employed. 

Though originally transfusion was devised as a life-saving 
method in the presence of severe hemorrhage, recent refine- 
ments of technique and, more especially, a better understanding 
of the physics, chemistry, and serology involved in the process 
have so simplified the procedure and obviated harmful inci- 
dental reactions that the indications for the performance of 
transfusion are at present somewhat more liberally construed. 
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i. HistorIcAL CONSIDERATIONS 


Although various obscure references are made to blood 
transfusion in the literature of the Middle Ages, blood trans- 
fusion as it is known today was made possible only as a result 
of the theory of the circulation of the blood, first propounded 
by Harvey! in his lectures in 1616, and later committed to 
writing in 1638. Such references to transfusion as occur in the 
literature prior to this time probably must be understood as 
referring to the admmistration of blood per os. 

So far as is known, the first transfusion in animals was made 
in England by Richard Lower in 1665. He successfully con- 
nected the artery of one dog with the vein of another by means 
of a goose quill. Two years later the experiment was repeated 
on man by Jean Baptiste Denys? (Kohner and Ravdin® say 
Sir Christopher Wren and Archibald); mn this case the blood 
of a lamb was given to several men with the production of urine 
described as ‘‘black as soot,”’ the latter, of course, being due to 
hemoglobinuria. In 1835, Virchow (Kohner and Ravdin say 
Bishop) introduced the use of defibrinated blood, and the use 
of the latter method found some advocates subsequently. 

Erasmus Darwin, the father of the naturalist, in 1796, 
suggested a quaint piece of apparatus for indirect transfusion; 
it consisted of two goose quills united by a length of chicken 
gut. Blood was to be allowed to flow from the donor through 
one of the quills until the chicken gut was distended, and then 
by pressure on the gut the blood was to be displaced into the 
veins of the recipient. This apparatus, so far as recorded, was 
never assembled and tried. 

Blood transfusion remained in a retarded stage of develop- 
ment, used only as a last resort to save life, and then attended 
by the gravest of reactions and many fatalities, until the 
beginning of the present century. In 1898, Crile began to 
renew interest in blood transfusion in the United States by his 
researches on the technique of direct transfusion, and this 
renewal of interest came at an opportune time, because the 
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beginnings of a new understanding of the principles of trans- 
fusion were soon to follow. 


11. BLoop GROUPING 


In 1900 Landsteiner* and Shattock' laid the foundation for 
the modern practice of transfusion in their observation that 
agglutination of red cells occurs when the serum of certain 
individuals is mixed with the red cells of certain others. They 
discovered, further, that such agglutination of red cells is 
sometimes the forerunner of hemolysis and that although 
hemolysis does not always ensue upon agglutination, hemolysis 
without previous agglutination does not occur.* The hemolys- 
ing action of the serum of the recipient on the cells of the 
donor, and the reverse, was thus discovered to be the under- 
lying reason for the previously unexplained hemoglobinuria 
and attendant unpleasant or fatal reactions observed in trans- 
fusion. As a result of his studies, Landsteiner divided human 
blood into three classes with respect to its agglutinating 
powers, and to this classification Decastello and Sturli,® in 
1902, were able to add a fourth. In 1907 Jansky’ reviewed the 
preceding work, and reported the classification which has been 
subsequently accepted. It must be added here, however, that 
no smal] amount of confusion has arisen among transfusion 
workers from the fact that Moss,’ working independently, 
reported in 1910 essentially the same facts as Jansky had done 
three years earlier, although Moss numbered the groups in a 
different sequence. 

Unfortunately, the report of Jansky was published in the 
Bohemian language and appears to have aroused little or no 
general interest due to the relative inaccessibility of his con- 
tribution. Moss’s classification, however, was published in 
English and was soon very favorably accepted, especially in 
English speaking countries. Moss heard of the work of his 

* This is not literally true, as Kohner has shown that agglutinins are separable from 
hemolysins by heat, but the statement may be accepted as accurate for practical 


purposes. 
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predecessor in the field, Jansky, only after his own paper had 
gone to press, and he stated in a note at the end of his con- 
tribution that had he known sooner he would have been glad 
to have given Jansky credit for priority. 

Notwithstanding the fact that Jansky’s classification 
clearly deserves priority and that to this opmion the American 
Association of Immunologists, the American Medical Associa- 
tion, the Society of American Bacteriologists, and the Associa- 
tion of Pathologists and Bacteriologists, the Medical Depart- 
ment of the United States Navy, and others officially gave 
their sanction in 1921, various groups and individuals in the 
United States and elsewhere have persisted in the use of the 
Moss classification, whereas others have just as persistently 
adopted or clung to the Jansky nomenclature. This lack of 
uniformity in the classification of blood groups is not only 
very disconcerting to the physician, but is somewhat of a 
menace to the patient, because it paves the way for misunder- 
standings which may occasionally result seriously or even 
disastrously to the recipient of a transfusion. The so-called 
groups 11 and ul correspond in both nomenclatures, but 
groups I and tv are reversed, group 1 Jansky corresponding with 
group Iv Moss and vice versa. 

In an attempt to pave the way for a universal nomenclature 
which would clarify a situation in terminology which was 
apparently not becoming much better with the passage of 
time, the American Association of Immunologists sponsored 
in 1927 anew classification suggested by the original discoverer 
of blood groups, Landsteiner, and which ts variously called the 
‘“International Classification,” the ‘‘Modifted Landsteimer 
Classification,” and the ‘‘ National Research Council Classifica- 
tion”’; this classification has met with the approval of the 
medical authorities of many foreign countries and has been 
adopted for use in the United States Army and Navy. It 
uses letters instead of numbers, o, A, B, and aB. The hypo- 
thetical agglutinogens of Von Dungern and Hirschfeld? which 
are supposed to be distributed among the red cells of the various 
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groups and to which their agglutinating properties are supposed 
to be due are the basis of the new classification; these were 
designated by their hypothecators as a and B. Group 0, 
accordingly, has the significance zero and indicates that neither 
agglutinogen A nor B Is present in the group thus designated. 
Group A contains agglutinogen a, and group B agglutinogen 
B, Whereas group AB contains both a and s. A tabular com 
parison of the various nomenclatures follows: 


International Jansky Moss 
RE RR eee eee ee ee oO I IV 
DE CURL tick ola die wena uamead kt A I! rT 
CE Givad wean sine Vee aes ees , B 11 tT 
LS ioe ceaaeea han Rea ae he ees AB 1\ I 


Whether the latest classification will permanently solve the 
problem of the terminology only time will tell, but for the 
present it seems necessary to be familiar with all three nomen- 
clatures. For the purposes of the present discussion the Jansky 
classification is used because of its claims to priority and 
because of the sanction It recerved so generously in 1921. 


Jansky’s Classification 


Group 1 blood: 
The serum agglutinates the erythrocytes of all the remain- 
ing three groups (but, naturally, not its own cells). 
The cells are not agglutinated by the serum of any of the 
other three groups (and, naturally, not by its own group 
serum). 


Group 1 blood: 
The serum agglutinates the cells of groups 11 and 1v but 
not group I (and, of course, not its own group cells). 
The cells are agglutinated by the sera of groups 1 and 
but not by that of group Iv (or Its own serum). 


Group 111 blood: 
The serum agglutinates the cells of groups 1 and rv but 
not those of group 1 (or its own cells). 
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The cells are agglutinated by the serum of groups 1 and 1 
but not by that of group rv (or its own serum). 


Group tv blood: 
The serum agglutinates the cells of no group (including its 
own). 
The cells are agglutinated by the serum of all the other 
groups (though not, of course, by its own). 


Expressed in another way group 1 may be considered as a 
group of “universal donors,” since the cells of this group are 
not agglutinated by the serum of any other group, whereas the 
serum does not agglutinate the cells of any other group. 
Similarly group tv may be considered as a group of “universal 
recipients,” for, although its serum does not agglutinate the 
cells of any other group, its own cells are invariably agglu- 
tinated by the sera of all the other groups. Groups 11 and 1 are 
intermediate between these two extremes and may be con- 
sidered as both donors and recipients. 

Represented graphically, the classification may be expressed 
as follows: 








Cells of Group Serum of Group 
I II Il IV 
' - om mh io 
II + - + - 
Il + + _ _ 
Iv a +. ~ - 
Serum of Group Cells of Group 
I Il III IV 
I ~ + + + 
il ~ - + + 
III _ + _ + 


IV —_ 


This classification of reactions was accepted without reserve 
as given here until within the last few years; It is now pretty 
well established, however, that certain exceptions occasionally 
occur to this rule. These exceptions concern group 1, or the 
group of universal donors, so far as is now known (though 
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similar discrepancies may subsequently be discovered in 
connection with other groups) in that the cells of the blood of 
certain members of group 1 are occasionally agglutinated by 
the serum of certain other members of group 1. 

The discussion of the mechanism underlying blood grouping 
has occasioned a considerable amount of speculation which 
does not properly fall within the scope of a work of this kind 
and will not be discussed here, but the approximate percentage 
distribution of individuals in the various groups is of practical 
interest and may be mentioned in passing. 

The following table is representative of the results reported: 


I I 111 IV 
(Jansky Grouping) Per Cent Per Cent Per Cent Per Cent 
oe teens uae re . 43. 40. 7. 10. (1600 cases) 
Culpepper and Ableson . 44.48 36.06 14.28 5.18 (5000 cases) 
Karsner..... 42.84 41.38 10.36 5.42 (5000 cases) 


It may be further observed that the blood groups do not 
become established until the first year of life, and that they 
follow the Mendelian law of heredity, so that, whereas a child 
is more likely to be of the same group as his parents than of 
some other group, he is not by any means necessarily so. 

Any mechanism of agglutination to be entirely satisfactory 
must be capable of explaining a number of strange facts which 
seem to have been established recently, such as: 

(a) Absence of a sufficient amount of green vegetables in the dict 
apparently diminishes the agglutinating power of group 111 serum for the 
cells of other groups and also interferes with the agglutination of the cells 
of this group by group I1 serum. 

(b) In certain cases of pernicious anemia and in acquired hemolytic 
jaundice a patient’s serum may agglutinate his own cells, and in paroxysmal 
hemoglobinuria such a condition develops spontaneously at intervals, as 
after exposure to cold. 

(c) Hemolysis of a person’s cells may be brought about by his own 
serum outside the body when that serum has been chilled and is later 
allowed to come into contact with his red cells. 


A. THE VALUE OF GROUPING: From a practical point of 
view blood grouping is of importance as a means of deter- 
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mining the probable suitability of such persons as may wish 
to provide blood for transfusion and as concerns the recipient, 
the probable group sources to which a patient may look for a 
supply of blood in case of an emergency. Blood grouping alone 
is no longer regarded as a safe and proper criterion of blood 
compatibility m any actual transfusion, i.e., it is not safe to 
assume that because, for example, a given person belongs to 
group I that he can safely give blood to a person im group IV, or 
I1I or 11, since it is feasible to perform a direct compatibility 
test previous to transfusion and thus avoid the possibility of 
atypical reactions such as have been mentioned before.* 
However, in emergencies it is not absolutely necessary that 
the serum of the donor does not agglutinate the cells of the 
recipient, since the donor’s serum becomes so much diluted in 
the vascular system of the recipient as usually to render the 
aforementioned donor’s serum innocuous for practical purposes, 
whereas the reverse of this is the crux of the entire situation: 
the serum of the recipient must never agglutinate the cells of the 
donor. This latter statement could be disregarded only in cases 
of dire necessity, the possible alleviating circumstance in any 
given case being that agglutination might occur without actual 
hemolysis, though agglutmation would in any case be highly 
undesirable. It has been estimated that 30 per cent of random 
transfusions will give rise to hemolysis of the donors’ erythro- 
cytes and that in 5 per cent of these cases will occasion serious 
symptoms or even fatalities. 

In the event that incompatible bloods are mixed through 
transfusion cyanosis, rigors, pains across the back, hyperpnea, 
pyrexia, and rapid pulse are the symptoms that may be noted, 
in addition to a hemoglobimuria in those cases in which the 


* Not all authorities are agreed that direct matching of blood is essential in cases 
other than the blood dyscrasias, the case with jaundice, and the patient so devitalized 
from loss of blood that even a moderate reaction might be hazardous; but, on the one 
hand, such cases represent a relatively large proportion of all cases, and on the other since 
direct matching is so simple a matter compared with the undertaking of transfusion as 
a whole, economy either of time or expense in the matter of the simple operation of 
direct matching would seem to be ill-advised. 
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liver of the recipient is unable to convert released hemoglobin 
into bile pigments with sufficient rapidity. 

The performance of a blood typing test is by no means 
difficult and involves so little time and equipment that with a 
little practice it can be performed readily by almost anyone. 

B. TECHNIQUE OF BLoop GrouPING UsiING GLAss SLIDEs: 
1. Technique using “type sera”: The apparatus necessary for 
the performance of blood grouping consists of the following: 

(a) Known sera belonging to groups 11 and 111 respectively. 
(These are supplied by commercial biological laboratories 
sterile and in small glass bottles or ampules; their sterility 
being preserved, the sera may retain their agglutinating activity 
for months.) 

(b) A microscope slide and two coverslips. 

(c) A small test-tube containing 5 c.c. of normal saline 
solution. 

(d) A suitable needle or blood lancet. 

The test proceeds with: 

(a) Puncture of the finger or lobe of the ear to obtain one 
good-sized drop or two smaller drops of blood; 

(b) Thorough shaking of the blood thus obtained with the 
5 c.c. of saline solution in the test-tube, so as to form a uniform 
emulsion, centrifugalization, removal of supernatant fluid 
with a pipette, and addition of 5 c.c. of fresh saline (to make 
approximately a 10 per cent emulsion of washed red cells) ; 

(c) Transfer of a platinum loopful of each of the known 
sera to opposite ends of the microscope slide; 

(d) Addition to each of the latter of a loopful of the red- 
cell emulsion; 

(e) Overlaying of the specimens with the two coverslips, 
being careful not to squeeze out the underlying drops; 

(f) Examination with the naked eye or, if desired, under 
the low power of the microscope at the end of one, five, and 
ten minutes. 

(From a practical point of view it has been found advantageous 
to place the drop of type 11 serum always at one end of the 
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Fic. 10. Various reactions that may occur in blood grouping when using the standard 
11 and 111 type sera and a macroscopic method employing glass slides and coverslips. 
The technique of preparation is described in the text. Roman numerals indicate position 
of the two type sera; these need not be actually labelled if the relative positions be 
habitually maintained with respect to the ends of the slides as described in the text. 
Reading from above down, reactions are those observed with type 1, type 11, type 11, 
and type tv bloods respectively (Jansky grouping). The preparations were not made 
with any particular care since it was desired to represent a typical series of reactions such 
as anyone might obtain or be called upon to interpret. As will be noted, the smears in 
both the upper specimens, in the specimen on the right in the second slide, and the 
specimen on the left in the third slide are all homogeneous except for presence of bubbles 
and other variations due to imperfect technique; on the other hand, all of the other 
specimens show a typical and unmistakable “brick-dust”’ appearance which represents 


agglutination of red cells. 
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slide and the drop of type 111 serum rather nearer the middle; 
in this way mistakes caused by accidental or unnoticed shifting 
of the slide, end for end, do not occur, since the drop nearest 
the end of the slide must always be type m1.) 

2. Technique Using Blood from Persons Known to Belong 
to Type 11 or 111: Although the previously described procedure 
is the kind of reaction ordinarily performed in blood typing 
and requires the use of stock sera, it may be interesting to 
observe and on occasion very Important to remember that 
perfectly satisfactory typing may be performed in the absence 
of such sera provided fresh blood can be obtained from some 
person known to belong to either type u or 111. Frequently 
the person doing the matching can use his own blood for the 
purpose. 

The technique using such blood proceeds as follows: 

Blood is obtained by puncturing either the lobe of the ear 
or the finger, or when necessary by venipuncture, from both 
the person to be tested and the person with the known type 
blood. A large drop or two from first one and then the other is 
allowed to fall into about 5 c.c. of normal saline solution in 
each of two test tubes (the exact amount is of on particular 
moment), and as much additional blood as can be conveniently 
obtained is subsequently collected in a pair of dry tubes. There 
are now four tubes, two of which contain blood in saline and 
the other two blood alone; one of each pair represents blood 
taken from the person to be tested whereas the other represents 
blood known to belong to type 1 or m1. The tubes containing 
the blood in saline are placed aside to settle or, better still, are 
centrifuged; the blood in the dry tubes ts allowed to coagulate. 
The clear supernatant fluid is withdrawn from the tubes 
containing the saline solution, thus leaving only washed red 
cells in the bottom of each tube; about ten volumes of fresh 
saline solution are now added to each, and the tubes are shaken. 

The actual agglutination reaction is performed by mixing 
on a clean glass slide one drop of clear serum taken by pipette 
from one of the test tubes in which coagulation has occurred 
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with one drop of 10 per cent emulsion of red cells also removed 
by pipette; known serum is, of course, mixed with unknown 
red cells in one preparation whereas known red cells are 
mixed with unknown serum in a second preparation. Both 
preparations are kept in a warm place and are observed for the 
development of a brick dust appearance which signifies the 
occurrence of agglutination. Agglutination will usually occur 
within one minute, but it is not safe to read a negative reaction 
in less than five minutes. The slide is examined with the naked 
eye, preferably while holding it about 2 in. above the surface 
of a sheet of white paper laid on a table. In cases of doubt 
the inversion of a coverslip over the open preparation will 
emphasize the size of any conglomerated clumps of cells which 
may be present, as such a maneuver flattens out the clumps 
which tend otherwise to be spherical in shape. In order to 
get the full effect of this procedure, however, the coverslip 
should not be applied until agglutination has had a chance to 
occur. 

As soon as the two reactions have been read the blood group 
of the unknown becomes apparent through a process of logical 
deduction, e.g., 

Example I 

The known blood belongs to group 111. By cross-matching it is found (1) 
that the serum of the known specimen agglutinates the cells of the unknown 
specimen (2) but that the cells of the known specimen are not agglutinated 
by the serum of the unknown specimen. 

Process of deduction (using Jansky’s classification): 

(a) The serum of group u1 is known to agglutinate the cells of groups 
11 and tv only, so that the unknown blood must belong to one of these. 

(b) The cells of group 11 are known to be agglutinated only by groups 
1 and 1. 

(c) The only group which is common to both a and B, i.e., that fulfills 
the conditions actually found, is group 11; consequently the unknown must 
belong to group II. 


Example I1 


The known blood belongs to group 11. By cross-matching it is found 
(1) that the serum of the known specimen does not agglutinate the cells 
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of the unknown; (2) neither are the cells of the known specimen agglu- 
tinated by the serum of the unknown. 

Process of deduction (using Jansky’s classification): 

(a) The serum of group u is known to agglutinate the cells of groups 
11 and 1v only, so that the unknown must belong to either group 1 and 
group III. 

(b) The cells of group 11 are agglutinated only by group 1 and group 111. 

(c) The only group which is common to both a and B, L.e., that fulfils 
the condition actually found, is group 1; consequently the unknown belongs 
to group I. 


From reasoning the various possible combinations through 
in this manner Table 1 can be constructed and will serve for 
rapid reference. In the interest of completeness the table is 
made to include type 1 and type tv sera, though neither of 
these, as will be seen, can be used for the purposes under 
discussion. 


TABLE I 





Serum of Known and 


Filles alt hile Cells of Known and Serum of Unknown 





Group | —(1) —(1, 1, m1, Iv) I 





Does not occur 





—(I, I, 11, Iv) No conclusion 

















+(u, 11, 1v) + 
Does not occur (1, 111, or Iv) 
Group 1! —(1, 11) —(11, Iv) TT 
+(1, & 111) I 
+(111, 1v) — (11, 111) IV 
+(1, 111) Ill 
Group 111 —(1, & m1) — (m1 & Iv) 11 
+(1 & 11) I 
+(1 & 1v) — (11 & Iv) IV 
+(1 & 11) i 
Group Iv —(1, 11, 11, Iv) — (Iv) IV 
+ Does not occur +(1, 11, 111) 
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iv. Direcr MATCHING 


A. TECHNIQUE UsinG GLass Stipes: The process of direct 
matching of the blood of the donor with that of the recipient 





_— 


Fic. 11. Macroscopic appearance of a microscope slide on which cross matching has 
been performed. Under the central coverslip the emulsion is homogeneous, under the 
coverslip at the end is shown the typical brick-dust appearance of agglutination. The 
donor and recipient are incompatible. 


is no more difficult nor does it entail the use of more equip- 
ment, or the expenditure of a greater amount of time, than the 
process of simple typing. It is performed after the donor and 
recipient have been brought together, usually just prior to 
the performance of the actual transfusion and may or may not 
have been preceded by typing. Direct matching consists 
simply of mixing the serum of the donor’s blood with a suspen- 
sion of the recipient’s cells, and the serum of the recipient’s 
blood with a suspension of the donor’s cells, examination being 
made subsequently to determine whether agglutination has 
or has not occurred. A simple and perfectly satisfactory 
method of domg this employs the identical procedure just 
previously outlined in connection with blood typing, using 
known blood rather than type sera. In interpreting results for 
purposes of direct matching, however, the blood type to which 
either donor or recipient belongs is a matter of complete 
indifference (Fig. 11). Several other methods of performing 
the test have been proposed of which only one representative 
macroscopic method will be described. 

B. TECHNIQUE OF Macroscopic Matcuinc Usinc Test 
TusBes: The apparatus necessary for the performance of direct 
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blood matching by the macroscopic method using test tubes 
consists of the following: 

(a) Six very small test tubes (about the size used for the 
performance of the standard Kahn precipitation test), 

(b) Two sterile 2 or 5 ¢.c. syringes with 22 to 24 gauge 
needles attached, 

(c) A small flask of 1 per cent sodium citrate in normal 
saline solution (the addition of the citrate to the saline is not 
absolutely essential if the operator is skilful and rapid in his 
manipulations), 

(d) Two graduated centrifuge tubes, 

(e) Serological pipettes (several), 

(f) Two small test tubes of about 5 c.c. capacity, 

(¢) A centrifuge, and 

(h) A flask of plain normal saline solution. 

The actual test proceeds by withdrawing under sterile 
precautions 2 or more c.c. of blood from the veins of both 
prospective donor and prospective recipient. Place 4.5 c.c. of 
the sodium-chloride-sodium-citrate solution in each of the two 
centrifuge tubes, label one *‘ Donor” and the other “‘ Recipient,” 
and add to each tube in accordance with the label 0.5 c.c. of the 
blood withdrawn previously. Expel the remaining blood into 
the two test tubes, mentioned under *‘f”’ above, label ‘‘ Donor’”’ 
and ‘‘Recipient,”’ and set away to coagulate. 

Now centrifuge the contents of the two centrifuge tubes, 
pipette off, and discard the supernatant fluid; add about 3 c.c. 
of plain normal saline, mix and centrifuge again. Again pipette. 
off and discard the supernatant fluid, and make up the bulk 
to 5 c.c. with plain saline solution. This provides a 10 per cent 
suspension of the washed red cells of both donor and recipient. 
Shake the tubes gently to emulsify the contained red cells. 

Label the six small test tubes numerically from 1 to 6. 

In tube No. 1 place: (a) One drop of the red-cell suspension 
from the donor 
(b) Four drops of the serum from the 
recipient 
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In tube No. 2 place: (a) One drop of the red-cell suspension 
from the recipient 
(b) Four drops of the serum from the 
recipient 
In tube No. 3 place: (a) One drop of the red-cell suspension 
of the donor 
(b) Four drops of his own serum 
In tube No. 4 place: (a) One drop of the red-cell suspension 
of the recipient 
(b) Four drops of his own serum 
In tube No. 5 place: (a) One drop of the red-cell suspension 
of the donor 
(b) Four drops of the red-cell suspension 
of the recipient 
In tube No. 6 place: (a) One drop of the red-cell suspension 
of the recipient 
(b) Four drops of the normal saline solu- 
tion. 

Add to each of the tubes 1 c.c. of normal saline solution, 
mix gently, and place in the incubator for two hours. 

Reading the Results: The last four tubes are, of course, set 
up merely as controls, and should show neither agglutination 
nor hemolysis; if such occurs the technique has been at fault. 

The first two tubes indicate the presence or absence of 
compatibility between the two bloods: 

(a) Completely compatible bloods will show neither 
agglutination nor hemolysis in either tube. 

(b) Agglutination but not hemolysis m tube No. 2, and 
neither agglutination nor hemolysis in tube No. 1 indicates 
that the donor may be used in an emergency. 

This method is somewhat more reliable than the shorter 
technique previously described. 


v. THE DANGER OF INOCULATING BLoop BorNE DISEASES 
DURING TRANSFUSION 


It should almost go without saying that when preparing 
to perform a transfusion due care should be taken to guard 
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against the possibility of transmitting blood-borne infections, 
especially syphilis, malaria, and in certain localities, relapsing 
fever. The danger of moculating relapsing fever, except in 
geographical areas in which the disease is endemic, is exceed- 
ingly remote. Malaria is inoculated intravenously only with 
difficulty, even when deliberate attempts are made to do so; 
but danger from this source is sufficiently great in blood trans- 
fusion to render examination of one or more blood films im- 
perative, especially in case preliminary careful questioning of 
the donor elicits a suspicious history. The danger of transmit- 
ting syphilis is very real, and for this reason preliminary sero- 
logical testing of the donor’s blood should be the rule except in 
dire emergencies. Unfortunately the clinical history of donors 
is apt to be unreliable with respect to venereal infection, and 
transmission of lues, even from one close relative to another, 
during transfusion is by no means unknown. 

The advent of the Kahn precipitation reaction has provided 
a test which need not consume more than half an hour, and 
which in competent hands is not only remarkably sensitive 
but thoroughly reliable. Except in the more acute emergencies, 
therefore, the factor of urgency does not excuse negligence in 
taking the necessary precautions with respect to syphilis. 
It is, of course, quite permissible on occasion to transfuse a 
patient with blood from a syphilitic husband, or wife, or 
mother, provided that the circumstances are such as to preclude 
the innocence of the patient. 


v1. WHOLE BLoop versus MopiFIED BLoop IN TRANSFUSION 


Direct transfusion is probably almost never used at the 
present time, partly, (1) because of the technical difficulties 
involved, and (2) because with such a technique no method is 
available for accurately determining the amount of blood 
transfused. Much credit is due the pioneers in the field, how- 
ever, among whom must be mentioned particularly G. W. 
Crile,!° inasmuch as the method of direct transfusion made 


possible the methods which have superseded it. 
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The question of the relative merits of “‘whole blood”’ 
versus “modified” blood as an agent in transfusion Is one con- 
cerning which many surgeons have rather definite and fixed 
convictions, though it must be added that in answer to this 
as to many questions much may be said on both sides. On the 
one hand, better apparatus for whole blood transfusion is 
being developed from time to time, and on the other, the 
question as to the action of anticoagulants is being widely 
debated, and is being made the basis of a large number of 
experimental investigations. 

The use of citrated blood is of considerably more recent 
development than that of whole blood. Hustin'! of Belgium, 
in 1914, was the first to make use of an anticoagulant. 
He used a glucose and sodium citrate solution and accordingly 
may be called the father of the “‘modified blood” method. 
Agote,!? im Buenos Aires, performed the first transfusion 
with blood simply citrated on November 14, 1914. 

On a priori grounds alone whole blood transfusion would 
probably be preferred to modified blood transfusion, as the 
latter involves greater possibilities than the former for the 
introduction of some undesirable foreign substance along with 
the blood used, either in the form of particles derived from the 
walls of the apparatus or in the form of substances dissolved 
by the blood during its passage over the walls of the apparatus, 
as well as the certainty of the introduction of the specific 
foreign substance added to prevent coagulation. The intro- 
duction of minute foreign particles in suspension into the 
blood stream is commonly followed by a reaction which is 
known as a “‘nitritoid reaction,” because of its resemblance 
to the effect produced by the exhibition of nitrites. This nitri- 
toid reaction consists of redness of the face, dyspnea, cough, 
precordial pain and a feeling of general distress. 

The danger from this source has been specifically set forth 
by Galland,!* who incriminates new rubber tubing as the source 
of a certain number of cases of nitritoid reaction; presumably 
particles of the dusting powder present on the surface of new 
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rubber tubing, used in the construction of apparatus for trans- 
fusion, may give rise to a particulate suspension suflicient to 
cause the condition. The added possibility that rubber tubing 
may give off soluble toxicsubstances merits consideration as well. 

A. THE MEeEcHANISM OF BLoop CoaGuLation: Neither 
can a rational opinion as to the fundamental value of “‘whole 
blood”’ versus *‘ modified blood”’ be formed, nor can the actual 
performance of the technique of transfusion by either method 
be safely performed in the absence of a good working knowledge 
of the principles underlying the coagulation of blood, and, in 
the case of “‘modified blood”’ at least, the action of coagulants 
in the prevention thereof. 

Coagulation, or clotting, is the process by which blood is 
transformed from a free flowing liquid to a more or less solid 
gelatinous substance. The process itself, microscopically, 
consists of crystallization of fibrin from the fibrinogen of the 
blood plasma. The mechanism of this crystallization may be 
considered from two general viewpoints: the first, mechanical 
or physical, and the second, chemical. 

Tait and Burke™ have given a classical description of 
physical coagulation as it is observed under dark field illu- 
mination. According to these observers, the first stage of the 
process consists of an adherence of the platelets to the surface 
of the glass slide. This stage is followed by a second stage 
characterized by irregular swelling of the platelets with spher- 
ule formation about the swollen margins thereof; a third stage 
follows this, in which disintegration of the platelets occurs, 
with migration of the aforementioned spherules out into 
the plasma. During this process of migration a progressive 
diminution in the size of the spherule takes place to the 
vanishing point, and a strand of fibrin appears along the path 
traveled by each of the spherules. Tait and Burke have also 
shown that blood which has been virtually deplatized, when 
allowed to stand under the same conditions, fails to clot. They, 
therefore, conclude that the only blood elements concerned in 
mammalian blood coagulation are the platelets. 
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This process can be shown to be stimulated by the passage 
of the blood over a rough surface and inhibited by the substi- 
tution of a smooth surface for the rough one. Furthermore, 
the greater the length of surface traversed by the blood, other 
things being equal, the more rapidly will it coagulate. Blood 
coagulates more slowly at a low temperature than it does at a 
high temperature, this being one of the indications that blood 
coagulation is a true chemical process. 

Chemically, the process of coagulation is not thoroughly 
understood, although the fundamental facts have been known 
for a number of years. These are, briefly: 

(1) Fibrin ts formed by the action of thrombin upon fibrino- 
gen, fibrinogen being a normal protein constituent of the 
circulating blood. 

(2) Thrombin, however, is not a normal constituent of 
the circulating blood, but is formed presumably by the destruc- 
tion of white blood cells m the presence of available calcium. 

(3) The hypothetical substance which reacts in the presence 
of calctum to form thrombin has been named prothrombin. 

B. THE ROLE oF Sopium CITRATE IN ““CiTRATE TRANS- 
FUSION’: Any substance which will prevent the completion 
of this outlined cycle of events, will prevent coagulation. The 
chemical agents most useful in preventing coagulation interrupt 
the cycle in the prothrombin stage, by rendering available 
calcium unavailable. Sodium citrate, the common anticoagu- 
lant used in blood transfusion, forms with the calctum of the 
blood stream a double salt, in a manner not well understood, 
and as a result of this process calcium is rendered unavailable 
and thrombin is never allowed to form. Microscopically, 
sodium citrate preserves the platelet intact. 

It has apparently been demonstrated that sodium citrate 
in the amounts used for ordinary blood transfusions does not 
exert any proved harmful effects whatever on the human 
organism. To be sure it was asserted,'® on the basis of certain 
experiments performed several years ago, that sodium citrate 
(1) renders the red blood cells more fragile, (2) diminishes the 
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available quantity of complement, (3) reduces the opsonic index 
almost to the vanishing point, and (4) practically destroys 
the phagocytic power of the white cells;!° but a repetition of 
the experiments on which these conclusions were based by 
Mellon, Hastings, and Casey” has been made without in the 
least confirming the original findings. 

Salant and Wise” have shown that sodium citrate is very 
rapidly eliminated from the body partly by the kidney un- 
changed (30 to 40 per cent) but more especially by oxidation 
in the tissues, 90 per cent of the salt being eliminated by the 
combined methods within a period of ten minutes. According 
to Lewisohn,"* as much as 5 gm. of sodium citrate may be given 
in the form of a 0.2 per cent solution without causing any 
harmful effects; this latter amount is sufficient to take care of 
2's I. of citrated blood, an amount five times as large as Is 
given in an ordinary transfusion. 

Gichner” attacked the problem of the action of sodium 
citrate upon the platelets by means of the ultramicroscope. He 
discovered that the platelets were not injured by the con- 
centration of citrate commonly used for purposes of transfusion 
as evidenced by the fact that if calcium salts were resupplied to 
the citrated blood, either by means of treating it with a soluble 
calcium salt or by dialyzing out the citrate through a celloidin 
sack, the platelets behaved in a perfectly normal manner. 
Whether citrated platelets act the same in the body as they 
do under the microscope is, of course, a question, but perhaps 
no more so than is the question raised by Gichner whether even 
in whole blood transfusion the mere traffic of platelets over 
the surface of the tube connecting the donor with the recipient 
may not seriously injure them. 

Rosenthal and Baehr* believe that platelets once exposed 
to the action of sodium citrate are speedily removed from the 
circulation, for they have observed that a paradoxical shorten- 
ing of the coagulation time occurs after the administration of 
sodium citrate intravenously. They explain this on the basis of 
the theory that the citrate causes the platelets to lose thrombo- 
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plastic substance during the process of disintegration. This is, 
of course, entirely theoretical. 

When all is said and done, there is no real evidence to sus- 
tain the argument that sodium citrate is harmful to the body 
economy either directly or indirectly, and Its use over a period 
of several years In many thousands of cases has lent strength 
to the argument against its supposed toxicity. 

c. Post-TRANSFUSION REACTIONS: Reactions occur follow- 
ing the use of citrated blood more frequently than following 
the use of whole blood; the percentage incidence of reaction 
varies with different observers and in different hands all the 
way from o to 8 per cent in the case of whole blood and from 
13 to 50 per cent in the case of citrated blood. Many observers 
are inclined to lay the blame for the higher percentage of 
reactions when using citrated blood at the door of the citrate, 
but as previously noted, there is little direct evidence to sub- 
stantiate such a view, and furthermore, there is some reason 
for incriminating technique rather than method. This subject 
has received especial attention in the writings of Lewisohn," 
Lederer,”! Kretzler,?? and Pauchet.* 

Excluding sodium citrate from consideration, the graver 
incidence of marked reactions following the use of citrated 
blood in transfusion may be explained, provisionally at least, 
as due to the fact that in the indirect method there is a greater 
tendency to use a careless technique, and, therefore, there Is a 
greater opportunity for the blood to become contaminated. 
Whole blood transfusion has been considered, certainly up to a 
very few years ago, and probably is still considered, a fairly 
formidable undertaking, individuals with some special training 
alone being considered competent to use the method, indi- 
viduals who, presumably, appreciate the necessity for absolute 
cleanliness of receptacles and other requisites of a good 
technique; whereas indirect transfusion by the citrate method 
is likely to be undertaken by almost any one, at almost any 
time, and in the treatment of an individual debilitated to 
almost any degree, the utensils used being In many cases 
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utensils which have been previously used for other purposes, 
and part of the technique at least being entrusted to individuals 
not entirely competent in all particulars. 

In addition to the action of sodium citrate various other 
factors have been suggested as possible causes of untoward 
reactions, especially the chilling of the blood in transit from 
donor to recipient, the breakdown of the cellular elements of the 
blood consequent upon too vigorous stirring, and the presence 
of minute blood clots or air bubbles due to faulty technique 
in manipulation, as well as the possibility of contamination 
from glassware and rubber tubes as previously mentioned. 

Post-transfusion reactions may be mild or severe, and 
probably a considerable part of the discrepancy in the reported 
incidence of such reactions arises from the fact that the 
criteria upon which they are recognized have not always been 
clearly stated. It has been held by some that a post-trans- 
fusion reaction includes not only some elevation of tempera- 
ture, but some other definite sign, such as, vomiting, chill, 
urticaria, dyspnea, jaundice, or hemoglobinuria. 

Using such a criterion, Brines** reported a series of 2500 
transfusions of unmodified blood with only three severe 
post-transfusion reactions; in two of these latter cases cyanosis, 
coma, and convulsions were noted. Others believe that a 
significant increase in the patient’s temperature even in the 
absence of any other symptom or sign is sufficient evidence 
of reaction. Certainly the usual evidences of reaction are 
pyrexia and chills, the common range of temperature rise 
being of the order of magnitude of 2 to 3°F.; nausea, vomiting, 
and the other signs previously mentioned characterize only 
the more severe types. Reactions when they do occur, by 
whatever method, are usually not severe and in the vast 
majority of cases call for no active treatment; the only treat- 
ment that can be provided even when active interference 
seems to be indicated is entirely symptomatic in the present 
state of our ignorance as to the exact etiology involved. 
Fundamentally the treatment is, of course, prophylactic. 
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p. THE VIABILITY OF TRANSFUSED ERYTHROCYTES: For- 
merly the teaching was that the life of a transfused red corpuscle 
was not more than from ten to twenty days, and this estima- 
tion was based on the per diem excretion of bilirubin with 
respect to the total volume of circulating bilirubin m the red 
blood cells. More recent methods, making use of knowledge 
of the so-called “‘groups” of blood donors, has enabled the 
making of much more accurate estimations; and it Is now 
considered that a transfused red blood cell is viable for at 
least from thirty to eighty-three days. The blood count 
subsequent to transfusion sometimes shows a count Increased, 
sometimes stationary, and sometimes decreased. 


vu. THE TECHNIQUE OF BLoop TRANSFUSION 


The technique of blood transfusion has proved a very 
intriguing subject for experimentation, and the considerable 
number of pieces of apparatus which have been devised for 
purposes of transfusion, as well as the ingenuity shown im the 
construction of the various mechanical devices now marketed 
by instrument houses, is rather remarkable. Naturally, the 
technique of whole blood transfusion has been made the 
subject of particular investigation, because in the use of 
whole blood the prevention of coagulation depends more 
particularly upon mechanical considerations, and expedition 
in the actual transfer of the blood from donor to recipient 
becomes a matter of considerable importance. 

A. WHOLE BLoop TRANSFUSION: No attempt will be made 
to discuss comprehensively the various special pieces of appara- 
tus commonly used in the performance of whole blood trans- 
fusion. Almost any of the better known of these present 
certain features of theoretical or practical interest, and 
success in the use of most of them depends more upon indi- 
vidual preference, manual dexterity, and practice than upon 
any particular superiority in design. 

Two particular methods will, however, be described, 
either of which, with a little practice, can be used satisfactorily, 
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Fic. 12. Mechanical characteristics of original Kimpton-Brown tube. Tube consists 
of glass cylinder of any capacity desired; it is closed at upper end with cork stopper, 
is drawn out at lower end into a cannula, and is provided in its upper portion with a side 
arm. 

In practical operation the tube was sterilized in an autoclave. Before being auto- 
claved a small piece of pure clean paraffin wax with a melting point of 50° c. was placed 
in the tube, and the cork was inserted; the tube was then wrapped carefully in a towel. 
Before use tube was removed from sterile wrapping and held over Bunsen burner, an 
alcohol lamp, or any other suitable source of heat and was revolved until all portions of 
inside surface were thoroughly coated with a thin film of paraffin. The excess of paraffin 
was then allowed to drain away onto a sterile gauze sponge held against tip of cannula. 
Thereafter, paraffin coating was made to set as rapidly as possible in order to avoid 
crystallization by bringing outside of tube into contact with hands. Insertion of a piece 
of absorbent cotton into side arm completed preparation. 

Blood was obtained by exposing and cannularizing an artery of donor. When as 
much blood had been collected in the tube as was desired, tube was removed and placed 
in second position shown here, in order to prevent spillage of blood. Cannula was then 
inserted into previously exposed vein of recipient and was forced into his circulation by a 
Paquelin cautery bulb pump attached to side arm of apparatus. 
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and both of which are believed to possess certain features of 
importance not possessed to a similar degree by any other 
method. The first method is included in the text because, 











B 


Fic. 13. Fic. 14. 

Fic. 13. Percy tube. A is the tube itself; it terminates in the cannula B. F is a piece of 
flexible rubber tubing which leads to the threeway cock c. F”’ and F’ are pieces of flexible 
rubber tubing which lead respectively to the pressure bulb p and the suction bulb E. 

Fic. 14. Simple method of introducing the cannula of the Percy tube. A, a fold of skin 
over the chosen vein is picked up between thumb and index finger of left hand and 
transfixed with sharp scalpel held in right hand; scalpel completely divides fold of skin. 
B, the vein is exposed by dissection, is held up by a fine pointed forceps which barely 
grasps the wall of vessel, and is incised on the slant with pointed scissors. c, the vein wall 
is still held in the forceps, and the point of the cannula is being introduced into slit 
previously made by scissors. In the interests of simplicity ligatures are not shown. 


though technically not easy, it is believed to deliver blood 
from donor to recipient in as nearly an intact condition as is 
physically possible when using an indirect method. The second 
method is included because it is believed to be the simplest 
one making use of the principle of valvular action. It must be 
understood that the selection of these two techniques is meant 
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to cast no unfavorable reflection upon any other methods, 
and that the technique of greatest value to the individual 
operator must be the one which after adequate trial proves 
most efficient in his own hands, whether it be one of those 
now to be described or some other. 

1. The Technique Using the “‘Percy Tube’: a. The actual 
transfusion: The ‘“‘Percy tube” is a modification of the 
original Kimpton-Brown tube (Fig. 12). It consists of a large, 
paraflin-coated, cylinder constructed of resistance glass which 
is drawn out at the bottom to form a cannula for insertion 
into a vein and at the top is connected with a threeway valve 
and a system of rubber tubes and bulbs by means of which 
either suction or pressure may be applied to the interior of the 
tube at will (Fig. 13). 

The method requires formal dissection of a vein of both 
donor and recipient, and this is the most serious objection to 
the technique. The skilful operator, however, will usually be 
able to perform the necessary operative manipulations through 
a very small incision on the arm which will give rise to a 
minimum of immediate discomfort and subsequent scarring 
(Fig. 16). Not mfrequently the veins of the recipient are in so 
collapsed a condition that formal dissection of these is neces- 
sary when using any technique whatever, and in any case, 
the formal dissection of a vein for purposes of transfusion is 
not likely to occasion serious objection except in cases in 
which it must be undertaken repeatedly, as in the case of 
professional donors. When professional donors are involved 
especial care should, of course, be taken to avoid unduly 
large incisions, and veins high on the forearm or even on the 
arm should be chosen first since veins must be conserved 
insofar as possible. 

The arms of both donor and recipient are draped in the 
ordinary case as for any minor operation on the antecubital 
fossa, and a tourniquet is adjusted about the upper arm 
sufficiently tightly to occlude the venous return from the 
forearm without at the same time embarrassing the arterial 
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Fic. 15. Percy tube. Note graduations on tube, peculiar s-shaped bend of glass tubing 
at bottom, and tapering point of cannula. This apparatus is provided witk a pressure 
bulb and a suction tip; the latter is placed in the mouth. 
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circulation. The cuff of a blood pressure apparatus serves as 
an excellent tourniquet, and possesses the especial advantage 
that the pressure exerted by it can be accurately adjusted and 





Fic. 16. Skilfully performed dissection of a vein at bend of elbow. Note small size cf 
incision and character and disposition of instruments. 


readjusted as desired under the control of manometric read- 
ings. By means of a hypodermic syringe and a fine needle 
a skin wheal is now raised over a suitably prominent vein, 
using 0.5 per cent novocaine solution as an analgesic; about 1 
c.c. of the solution is thereafter deposited subcutaneously 
about the vein, care being taken to avoid puncture of the vein 
itself. After one has waited a minute or two for the novocaine 
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to take full effect the vein is exposed by making a !¢ to 34 in. 
incision through the skin with a sharp knife and the vein Is 
dissected free from surrounding subcutaneous tissue either 
with the points of a Mayo scissors or with a suitable blunt 
dissector. A ligature of No. 00 plain catgut is now tied tightly 
about the vein in its most distal portion in the case of the 
recipient and in its most proximal portion in the case of the 
donor. A pair of rubber covered clamps are also applied 
to the vein at a distance of about 34 in. from the ligature 
either proximal or distal as the case may be, and the vein Is 
opened between ligature and clamp to receive the cannula of 
the Percy tube. The veins of donor and recipient are both 
similarly prepared before any attempt is made to proceed 
with the actual transfusion. 

The Percy tube, sterile and properly coated with paraffin, 
is now taken in hand and while held upright ts allowed to dip 
into a beaker containing sterile paraflin oil; at the same time 
an assistant produces suction within the tube by manipulation 
of the suction bulb or suction tip with which the apparatus 
is provided. About an inch of paraffin oil is thus drawn into 
the tube. 

The tube is now ready for insertion into the vein of the 
donor. The point of the cannula is introduced into this vein so 
so as to point distally, care beng taken not to strip the endo- 
thelial lining of the vein away from the overlying tunics during 
the process. No ligature is tied about the cannula, but reliance 
is placed upon the pressure with which the tube is held against 
the opening in the vein to prevent leakage of blood. The rubber 
covered clamp is now removed, and the Percy tube should 
immediately begin to fill with venous blood. As soon as the 
flow of blood into the tube becomes retarded due to back- 
pressure of the accumulating column of blood gentle suction 
is applied to the interior of the tube by an assistant manipulat- 
ing the suction bulb or suction tip of the apparatus. In this 
manner as much blood as desired is withdrawn from the donor. 
Care should be taken that not too much suction is ever applied 
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to the tube because the wall of the vein is, of course, thin, and 
it is easily possible to collapse it about the point of the cannula 
in such a way as completely to prevent further ingress of blood. 

As soon as the required amount of blood has been obtained 
the valve controlling the suction and pressure tubes is turned 
to the “‘pressure”’ position for a moment in order to relieve 
any undue residual suction that may be present and then to 
the “‘off” position; the Percy tube is now removed, previously 
having again applied the rubber covered clamp to the vein 
to prevent subsequent leakage of blood. No time should now 
be lost in introducing the cannula of the instrument into the 
recipient’s vein because undue delay may lead to clotting of 
the blood in the apparatus, and the entire transfusion may be 
thus lost. The cannula is inserted, this time with its tip 
toward the heart, the rubber covered clamp is removed as 
previously, and the valve controlling the suction and pressure 
tubes is turned so that pressure can be exerted on the column 
of blood. Little pressure is usually required when injecting 
blood, because it is not desirable to force blood rapidly into 
the vascular system of the recipient for fear of the production 
of cardiac dilatation or circulatory embarassment (Fig. 18). 

When the meniscus between the column of blood and the 
supernatant layer of liquid paraflin has come into the con- 
striction at the bottom of the Percy tube, the rubber covered 
clamp is again applied to the vein, and the apparatus is re- 
moved. The operation is completed by tying a ligature securely 
about the veins of both donor and recipient in the position 
formerly occupied by the rubber covered clamp, removal of 
the clamp, and suture of the overlying skin with one or two 
suitable sutures. 

b. The preparation and care of the Percy tube: The prepa- 
ration of a Percy tube for subsequent use should commence 
immediately after its use by a preceding patient. As soon as 
the cannula of the tube has been withdrawn from the vein 
of the recipient it is handed to an assistant who takes it to 
the sink and washes it thoroughly, first in cold water and then 
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in hot water, by alternately drawing up and expelling the 
water by means of the suction and pressure bulbs. This pro- 
cedure serves not only to wash the tube clean of all blood, but 








Fic. 17. Withdrawal of blood. 


the heat of the hot water serves also to wash out most ot the 
paraflin coating; the last remnants of the paraffin are now 
removed, by drawing up and expelling first alcohol and then 
ether in the same manner as the water was previously drawn 
up and expelled. When the last traces of the ether have 
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evaporated the tube is ready for resterilization and recoating ; 
this is done by means of dry heat over the flame of a Bunsen 
burner. The tube, being constructed of resistance glass, can 


~ 





Fic. 18. Blood being administered; an assistant is aiding gravity by pressure on 
pressure bulb. Note tube itself is sterile, but pressure and suction apparatus is not. 


Fics. 17 and 18. Percy tube in use. Note relative size of tube by comparing it with size 
of operator. Note paraflin oil floating on top of column of blood. 


be sterilized in this manner without danger of cracking. The 
tube, being held by its upper end, after the rubber tubing 
has been removed, is passed back and forth through the flame 
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throughout as much of its length as is feasible until so thor- 
oughly and completely heated that all bacteria have certainly 
been destroyed in the process; if any doubt exists on the latter 
point, the process may be continued until the glass actually 
glows, though this is hardly necessary. The tube is now allowed 
to cool slightly, after which the sterilized end Is grasped in 
the folds of a sterile towel, and the end previously held in 
the hand is similarly sterilized by being passed through the 
flame. While the tube is still hot the rubber suction and 
pressure system is re-attached without contaminating any 
part of the tube, except the part which actually makes con- 
tact with the rubber, and sterile paraflin, which has tn the 
meantime been boiling for the purpose, is sucked up into the 
tube and immediately re-expelled. The tube is now allowed 
to cool without contamination, being twirled, if desired, in 
front of an electric fan to hasten the cooling process, until 
the thin film of paraffin which remains on the inside has set, 
whereupon it is dropped into a sterilized canvas bag, the mouth 
of which ties securely about the constricted upper part of the 
tube, and the entire apparatus is wrapped in a towel to be put 
away until needed. 

Before one attempts to use a tube, it is important to make 
sure that the lumen of the cannula is patent and not plugged 
with paraflin. If it should be found plugged, the condition 
may be remedied not by attempting to clear the lumen with 
a pin or needle, a procedure which will almost certainly denude 
part of the wall of its paraffin and at all events break the wax, 
but by reheating the tip of the apparatus over a flame until 
the wax flows and reestablishes the lumen. 

Percy tubes may be coated with paraffin dissolved in a 
solvent instead of by the method just described, the solution 
of paraffin being drawn into the tube cold, allowed to coat 
the sides thoroughly and then to set as a result of the evapora- 
tion of the solvent; but the coating thus obtained is friable 
and unsatisfactory. 

When transfusion by the Percy technique is performed with 
a moderate amount of skill such as can be acquired rather 
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readily by almost anyone having a mechanical turn of mind, 
about the only injury which the formed elements of the blood 
could receive would result from such slight chilling as might 
occur. Chemically and mechanically it ts difficult to see how 
much change could possibly occur during the transference of 
the blood, since at no time does the blood come into contact 
with the air, or indeed with any other substance except 
paraflin, which is not only smooth but chemically inert. Under 
the conditions of the Percy technique coagulation of the blood 
can occur only in cases in which some mechanical difficulty 
prolongs the operation for a considerable length of time. 
The operator can count on at least ten minutes in which to 
complete his transfusion, about seven minutes being allowed 
for the withdrawal and three minutes for the injection of the 
blood, and in many cases nearly twice this length of time can 
be allowed to elapse with impunity. The danger of coagulation, 
however, this method shares with all other methods of whole 
blood transfusion, though in a unique manner because there 
is a very real danger when using such a method of losing the 
entire transfusion. 

2. The Jubé Method of Whole Blood Transfusion:** The 
second method of whole blood transfusion now to be described 
embodies the use of (1) a relatively small syringe by which 
suction and traction can be made, 1.e., by which blood may be 
alternately withdrawn from the donor and injected into the 
recipient, (2) a system of tubes and needles for connecting 
donor with recipient, and (3) a control valve which regulates 
the direction of the flow of the blood so that the blood travels 
in the system always in the same direction, i.e., from donor 
to recipient, without necessitating the disconnection of any 
part of the apparatus. 

Several different models of instruments, embodying these 
same essential features and known by the name of their re- 
spective designers, are produced commercially and are in 
more or less constant use by smaller or larger groups of practi- 
tioners. The particular piece of such apparatus, selected from 
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this group of instruments and about to be described, is chosen 
not because it is necessarily more satisfactory than the others 
in actual use but because of its extreme simplicity in design. 


© 


= 
s 
hl , 


Lia 





h 
| 


Fic. 19. Relative sizes of 5 c.c. and 10 c.c. Jubé syringes. Note quality of workman- 
ship and absolute size of instruments as shown by ruler. 
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The essential features of the mechanism will be readily 
seen by referring to the photographs. The syringe used is 
constructed partly of metal and partly of glass and serves the 
function not only of syringe but also of a control valve, the 
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valvular action being provided by rotating the plunger. The 
syringe barrel is made of glass; it terminates not in an attach- 
ment for a needle as does the ordinary hypodermic syringe 





Fic. 20. Jubé syringe disassembled, but with rubber side tubes in place. Note groove 
in plunger of syringe and screw cap which joins plunger assembly with syringe barrel. 
Only barrel of syringe is made of glass. 


barrel but ends blindly in a solid metal cap; it further differs 
from the ordinary syringe barrel in that it is provided in its 
midportion with two holes which are placed at the same 
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level and diametrically opposite each other. These holes 
communicate with the lumina of two tubular metal side arms 
which are cast in a metal collar, this part of the apparatus 
being slipped over the glass barrel during the process of manu- 
facture and being subsequently set in place permanently with 
cement. The other end of the barrel is also of metal and is 
provided with a screw cap through which the plunger-rod 
passes. The plunger is of solid metal and differs from the 
plunger in an ordinary hypodermic syringe only in that It is 
provided with a longitudinal groove which extends from its 
distal end to the junction of its middle and proximal two- 
thirds. This groove is of the same width as the holes in 
the sides of the barrel previously described, and when the 
plunger is within the barrel, can be rotated at will so that it 
overrides either of the two holes. Attached to the sidearms of 
the syringe barrel are two 6 in. lengths of pure gum rubber 
tubing each of which terminates in a needle adapter and 
needle. One of the needles is introduced into a vein of the 
donor, the other into a vein of the recipient. 

The action of the apparatus is very simple. The plunger 
of the syringe, being introduced to its fullest extent, is rotated 
until its groove is directly over the lumen of the side-arm 
leading to the donor. Withdrawal of the plunger is now 
started, thus instituting suction at the far end of the barrel. 
This part of the barrel being in free communication with the 
side-arm, tube, and needle of the donor, because of the channel 
afforded by the groove in the plunger, suction Is exerted upon 
the blood in the donor’s veins, and the syringe gradually 
fills. Once the syringe is full, the plunger is rotated through 
an arc of 180°, which motion brings the groove opposite the 
side-arm connecting with the recipient’s tube and needle. 
Pressure is now exerted on the plunger, and this motion 
displaces the blood from the syringe barrel again along the 
groove, this time, however, in the opposite direction, into the 
donor’s side of the apparatus and so into the donor’s veins. 
As soon as the syringe barrel is empty, the plunger Is again 
rotated through an angle of 180° to its original position and 
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the cycle of events is repeated. In this manner as much blood 
as is desired may be accurately measured and transferred 
from donor to recipient (Fig. 21). 


y; 





~ 


Fic. 21. Valvular action of plunger of Jubé apparatus. Reproduction of apparatus 
in solid lines represents apparatus in ‘ 


na 


















‘neutral position”: groove of plunger overlays 
neither of two side tubes, and in this position the plunger can neither be depressed nor 
withdrawn. Inserts in broken lines represent working positions of plunger. On left is 
illustrated sequence of events when blood is being withdrawn from donor; traction is 
exerted and syringe barrel fills. On right is illustrated action of apparatus during injec- 
tion of blood into recipient; plunger has been rotated through angle of 180°, and in this 
position pressure exerted on plunger forces blood out of apparatus. 





In practice the apparatus is sterilized by autoclaving, by 
boiling, or by soaking first in alcohol and then in ether. 
Two sizes of syringe are available, one containing 5 c.c. 
and the other 10 c.c. Both sizes are quite practicable, but 
the smaller one is usually preferred, partly because it is 
more convenient to transport and manipulate and partly 
because Its capacity is such that the column of blood is kept 
moving rather rapidly; such rapid moving of blood tends, of 
course, to prevent both coagulation and unnecessary chilling. 

In order to put the apparatus into operation the donor 
and recipient are placed side by side, and the antecubital 
fossae of the contiguous arms are sterilized. The hands of 
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the operator are scrubbed, treated with alcohol and covered 
with sterile rubber gloves. The operator now connects the 
apparatus completely and makes certain that all parts 
are in working order and that the needles and tubes are 
quite patent. Sterile paraffin oil may or may not now be 
used to lubricate the entire apparatus. The paraffin oil 
Is not necessary to the proper working of the apparatus, 
though it undoubtedly does tend to prevent coagulation of 
the blood in that it provides the interior of the entire apparatus 
with a thin, smooth, chemically inert coating, and it also 
lubricates the piston of the syringe and thus makes the appa- 
ratus work much more easily. The disadvantage of the use 
of such a substance is the danger of injecting some of the 
oil into the veins of the recipient and thus producing an oil 
embolism. With due care such an event can be almost certainly 
avoided as far as gross oil droplets are concerned, though the 
possibility of introducing mimute droplets even when using 
a most careful technique cannot be denied. From the practical 
point of view untoward reactions from this source are cer- 
tainly not common. The apparatus is most conveniently 
coated with paraffin oil by pouring sterile oil from a previously 
sterilized glass ampoule into the barrel of the syringe, inserting 
the plunger, and then squirting the oil first through one side- 
arm, tube, and needle, and then through the other. 

The apparatus may now be cleared, if desired, with sterile 
physiological saline solution by introducing the tip of one of 
the needles into a container of this solution and then pumping 
the solution in through this needle and out the other needle 
precisely as is done when blood is used and the actual trans- 
fusion is in progress. The system may be allowed to remain 
full of this solution, if desired, and in this case the first excur- 
sion of the plunger in the actual transfusion injects saline 
solution rather than blood. 

The actual transfusion proceeds with the tightening of a 
tourniquet about the upper arm of the recipient sufficiently 
tightly to occlude the venous return without at the same time 
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embarrassing the arterial blood flow, and the introduction 
of a trocar and cannula into one of the prominent veins at the 
bend of the elbow. The trocar and cannula used are illustrated 
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Fic. 22. Jubé needles and cannulae. To the left of the ruler the two sizes of needle 
used in withdrawing blood from the donor. At the right of the ruler the trocar and 
cannula for transfusing the recipient. Viewing this part of the figure from left to right 
are the trocar, the cannula, which it fits, and the assembled trocar and cannula. 


in the photograph; a comparison with the ruler illustrated in 
the cut will indicate the sizes provided (Fic. 22). The trocar and 
cannula are inserted attached, but once the point of the trocar 
has located the lumen of the vein, the trocar may be slightly 
withdrawn, so that the sharp point does not project beyond the 
tip of the cannula and the latter may then be introduced as 
far as necessary into the vein without danger of penetrating 
the opposite wall. The trocar is now left in place in the cannula 
as an obturator. 

Attention is now directed to the donor. The apparatus with 
ordinary hollow needle attached to the donor’s side-arm and 
tube is grasped all in one hand. A tourniquet is fastened about 
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the upper arm of the donor, and the needle is thrust directly 
into one of the prominent veins in the antecubital fossa. As 
soon as the wall of the vein has been penetrated and the point 
of the needle lies free within the lumen of the vein, blood will 
flow into the system and will very soon make its appearance 
in the syringe provided that the groove in the plunger is 
placed in the proper position. 

If paraffin oil has been used and saline solution has been 
drawn into the syringe previously, as already suggested, air 
bubbles and oil bubbles will have been displaced from the 
syringe and connecting system during the process, and the 
apparatus will now be ready for attachment to the cannula 
in the vein of the donor. If oil alone has been used, blood must 
be pumped through the apparatus to rid it of air bubbles and 
oil droplets. If the syringe has been used dry, naturally the 
only necessary consideration is the complete expulsion of air. 
In the latter cases a small amount of blood will be wasted. 

Assembling the apparatus is completed by withdrawing the 
trocar from the needle in the donor’s vein and rapidly attaching 
to it the needle adapter attached to the free piece of rubber 
tubing. The transfusion proceeds, as previously described in 
connection with the description of the mechanical principles 
involved, by alternately filling and emptying the syringe with 
blood, always rotating the plunger through an angle of 180° 
after each half of its cycle. 

By the use of this apparatus blood can be transfused as 
rapidly as with any method making use of the principle of 
valves. The rate at which the plunger can be manipulated 
varies not only with the skill of the operator but with the size 
of the donor’s vein and the activity of the circulation in his 
arm. Each complete excursion of the plunger of the 5 c.c. 
syringe will ordinarily occupy a period of time varying from 
three to ten seconds. In other words, when one uses this 
method, 5 c.c. of blood can be injected every three to ten 
seconds, or from 30 to 100 ¢.c. every minute. Coagulation of 
blood does not ordinarily occur to an extent sufficient to 
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embarrass the action of the apparatus for at least ten minutes, 
and such a length of time is amply suflicient for the trans- 
fusion of 500 ¢c.c. of blood in all but very diflicult cases. 

When this apparatus is used a certain small amount 
of fibrin will usually be found clinging to the barrel of the 
syringe after the transfusion has been completed. This occur- 
rence is unavoidable and need occasion no concern. Many 
other types of apparatus making use of the same general 
principle allow coagulation to occur so rapidly that the system 
must be frequently washed out with saline solution in order 
to permit its further functioning at all; the apparatus under 
discussion is singularly free from this difficulty. 

B. THE TECHNIQUE OF THE CITRATE METHOD oF BLOoop 
TRANSFUSION (LEWISOHN): Minor variations in the technique 
of citrated blood transfusion are made by almost all operators. 
The following description is offered merely as a representative 
technique. For the performance of this type of transfusion the 
following sterile apparatus Is required: 


(1) An outfit such as is frequently used for the giving of salvarsan and 
consisting of a graduated cylinder of at least 500 c.c. capacity connected 
at the bottom with about 4 ft. of rubber tubing which in turn terminates 
in a needle adapter; a piece of glass tubing should be interpolated in the 
rubber tubing about 12 in. from the needle adapter to serve as an observa- 
tion window. 

(2) A graduated glass jar of 500 c.c. capacity with a pouring lip. 

(3) A graduated 100 c.c. cylinder with a pouring lip. 

(4) A glass stirring rod with smooth rounded ends and Jong enough to 
reach from the bottom of the graduated glass jar mentioned under (2) to 
well above its upper edge. 

(5) 100 c.c. of a 2 per cent solution of sodium citrate in distilled water; 
“chemically pure” sodium citrate should be used (no free lead or iron) 
and the solution should be freshly prepared. 

(6) A needle of 10 to 14 gauge. 

(7) A needle of 16 gauge to fit the needle adapter of the salvarsan 
apparatus, mentioned under (1). 

(8) Rubber gloves. 

(9) A 2 to 5 cc. hypodermic syringe fitted with a small needle. 

(10) Towels. 

(11) A small amount of .5 per cent novocaine solution. 
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The glass articles must be meticulously cleansed of all mac- 
roscopic contamination and then sterilized by boiling in distilled 
water to which nothing at all has been added, the boiling 
also being performed in a scrupulously clean container. 
The gloves and towels are sterilized by autoclaving in the 
usual manner. Pure gum rubber tubing should be used in 
constructing the apparatus and should be soaked as an added 
precaution for six hours in normal hydroxide solution prior to 
preparing it for its first sterilization.”® 

The blood transfusion itself proceeds in the following 


manner: 


(a) One arm (conveniently the left) of both donor and recipient is 
prepared by skin sterilization and sterile draping as for a minor operation 
on the antecubital fossa. 

(b) A rubber tourniquet is applied to the arm of the donor above the 
elbow with sufficient traction to occlude the venous return from the arm 
without interfering with the arterial supply, and the most prominent vein 
at the bend of the elbow is identified. The cuff of a blood pressure apparatus 
may be used as a tourniquet. 

(c) In the skin over a convenient point in the course of the vein a wheal 
is raised with 0.5 per cent novocaine solution using the hypodermic syringe 
and needle. 

(d) The 100 c.c. cylinder is now filled to the mark with the sodium 
citrate solution; 10 c.c. of the latter solution is poured into the bottom of 
the 500 c.c. graduate. The citrate solution is swirled about the sides of the 
graduate so as to leave a thin film of solution over the entire interior of 
the latter, and both graduate and cylinder are placed conveniently near the 
site of operation. 

(e) The 10 to 14 gauge needle is now pushed through the wheal in the 
skin into the Jumen of the vein, the 500 c.c. graduate being immediately 
placed under the open end of the needle to catch the issuing blood. 

(f) The blood is stirred into the citrate solution with the stirring rod 
slowly and carefully, in order to avoid damage to the blood cells, yet not so 
deliberately as to run the danger of allowing clots to form. 

(g) As soon as 100 c.c. of the mixture have been collected, 10 c.c. more 
of citrate solution are added from the graduated cylinder, and the stirring 
is resumed. This is repeated, 10 c.c. of citrate being added for each go c.c. 
of blood with constant stirring, until the required amount for the trans- 
fusion is obtained. 
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Fic. 23. Method of withdrawal of blood from donor when using “citrate method.” 
Hand holding the needle is gloved and sterile; graduate and stirring rods are sterile 
but are being manipulated by unsterile hands, since all that is necessary is to protect 
the inside of the graduate and its contained fluid from contamination. Citrate solution 
is added in 10 c.c. amounts previous to the reception of each 50 c.c. of blood. Stirring 
with glass rod is performed deliberately to avoid foaming but sufficiently rapidly to 
insure continuous and thorough mixing of solution. If any considerable time must elapse 
between reception and reinjection of the blood, chilling of contents of graduate must be 
prevented by immersing graduate in warm water. 
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(h) The tourniquet is now released, the needle withdrawn, and pressure 
is applied with a piece of cotton or gauze over the site of puncture for 
about thirty seconds. 

Provided that the operator is at all skilful in venipuncture 
this technique should suffice in all but unusually difficult cases, 
and all of tt can be performed when necessary by a single pair 
of hands if a little care and foresight be used in planning the 

various maneuvers. The direction in which the needle is made 

to point, whether toward or away from the hand of the donor, 
is of little moment, provided that the vein being punctured is 
of reasonable size. In cases in which small veins are the only 
ones available the direction pointing toward the hand is 
advisable, lest the caliber of the needle be so great as to occlude 
the lumen of the vessel and embarrass the circulation going to 
the tip of the needle; in rare cases and in obese persons It may 
be necessary to perform a formal venesection with cannula 
introduction, such as will be described presently in connection 
with the recipient. 

The attention of the operator is now directed to the recip- 
ient. A judgment must first be made as to whether it will 
probably be possible to introduce an 18 gauge needle into 
the recipient’s vein, or whether it will probably be necessary 
to cut down upon the vein, thus performing a formal venesec- 
tion. In case an attempt at the former is deemed advisable, 
the citrated blood is now poured carefully, so as to avoid 
bubbles, from the graduate in which it was received, into the 
salvarsan apparatus, holding the needle adapter, attached to 
the latter, at a level sufficiently high to prevent loss of blood 
through it. The blood must be strained through several layers 
of gauze placed over the top of the salvarsan apparatus, if 
any doubt exists in the mind of the operator concerning the 
freedom of the blood from clots. The salvarsan reservoir 
may now be hung upon a suitable stand or may be given to 
an assistant to hold, the rubber tube having previously been 
completely filled with blood and the tube near the needle 
adapted being either collapsed by a suitable clamp, a pair of 
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Fic. 24. A very satisfactory method of preparing a vein for insertion of cannula. 
At a the vein has been isolated and dissected free of all extraneous tissue; a very sharp 
Graefe knife has been thrust through the vein, pulled toward the operator, and has been 
turned outward in the process so as to cut a long flap in the wall of the vein. At c point 
of flap has been caught in mosquito forceps and is being elevated to admit point of a 
cannula; in this insert the vein is shown tied proximally and clamped with rubber 
covered bull dog clamp distally; bull dog clamp was omitted from succeeding drawings 
merely in order to secure more detail; for obvious reasons, it should, however, be applied 


before the incision into the vein is begun. 
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hemostats, or more simply, by folding the tube upon itself and 
squeezing the folded portion. The 18 gauge needle is now taken, 
and, after applying the tourniquet to the arm of the recipient 


oo's 


Fic. 25. Modification of technique especially suitable for use when veins are small 
and difficult to cannularize. Vein has been opened according to technique shown in 
previous figure; vein has been tied proximally, but instead of using a rubber covered 
clamp distally the lumen of the vein is obliterated merely by traction on a ligature. A 
smooth lIong-bladed forceps has been clamped across open part of vein to flatten it. 
Cannula is introduced in direction shown by arrow. 


in the same manner in which it was applied to the arm of the 
donor, a suitable vein is selected in the antecubital fossa and 
the needle is thrust into the vein in the direction of the flow 
of blood. As soon as it is assured that the needle point is within 
the Iumen of the vein and blood is seen to trickle freely from 
the end of the needle, the adapter of the salvarsan apparatus 
is rapidly attached to the end of the needle with as little loss 
of blood as possible and without the formation of air bubbles, 
and the citrated blood is allowed to flow by gravity into the 
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veins of the recipient. As soon as the proper connection has 
been made the tourniquet is, of course, quickly removed from 
the arm of the recipient. The lumen of the 18 gauge needle is 














B 


Fic. 26. Two common types of venous cannula. Cannulae are made of metal. a 
and B are similar except that B has an opening in side of expanded end as well as at tip. 


relatively small, and a correspondingly long time is necessary 
for the giving of the transfusion. The observation window is 
watched during the first few minutes to guard against the 
possible entrance of air bubbles into the vein, and mental 
notes are made subsequently at frequent intervals of the level 
of the blood in the graduated part of the salvarsan instrument, 
so that the rate of flow may be calculated and any possible 
blockage of the needle by clots may be readily appreciated. 
Toward the end of the transfusion the observation window 
in the apparatus is watched for the appearance of the last 
remnants of the blood, and when the meniscus Is seen to descend 
to the level of the window, the apparatus is quickly detached 
from the patient by withdrawing the needle, and firm gauze 
pressure is exerted over the vein for several minutes. 

Not infrequently in the debilitated or the exsanguinated 
patient the introduction of a needle into the vein of the recip- 
ient is a procedure either difficult or impossible of accomplish- 
ment. In these cases formal venesection becomes necessary, 
and this procedure is performed as shown in the illustration 
reproduced here. An incision is made with a scalpel by picking 
up the fold of the skin in the antecubital fossa between the 
thumb and the forefinger of the left hand and sticking the 
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scalpel point first through the fold, the blade being directed 
outward, and the incision being completed by carrying the 
scalpel outward through the remaining tissue. This avoids 
possible injury of veins just below the surface of the skin 


invisible because of collapse. 

A suitable vein is now identified and dissected free by 
blunt dissection. An aneurysm needle armed with a suitable 
ligature is now passed below the vein, the loop portion being 
grasped and the aneurysm needle being withdrawn, thus 
leaving a double ligature below the vein. The loop of this 
ligature is then cut and one of the pieces thus formed is tied 
tightly about the vein at its distal portion. The other portion 
of the ligature is tied loosely about the proximal portion of 
the isolated vein with a single knot in anticipation of subse- 
quently tightening the latter about the cannula, a mosquito 
forceps is securely fastened to a small piece of the wall of the 
vein, the mosquito forceps being held in the left hand and 
slight traction being applied to it so as to render the vein 
distal to the forceps taut. The points of a pair of scissors are 
then made to slit the wall of the vein just below the points of 
the mosquito forceps, and into the gap or slit thus made the 
cannula is promptly introduced. During this latter procedure 
care should be taken that the intima is not rolled up within 
the vein thus occluding the lumen of the cannula. When the 
position of the cannula and the patency of its lumen are 
assured, the mosquito forceps may be removed from the wall 
of the vein and the ligature previously placed about the proxi- 
mal part of the vein may be tightened about the cannula. 
Blood should now trickle from the end of cannula, the sal- 
varsan apparatus containing the citrated blood should be 
immediately attached to it, and the institution of the process 
of transfusion should be begun. 

The transfusion proceeds in the manner previously de- 
scribed, and is terminated by loosening the ligature about the 
cannula, withdrawing the latter and tying the ligature firmly 
about the vein, without allowing air embolism to occur. The 
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skin wound is closed with a couple of sutures, and the trans- 
fusion is thus completed. 







vill. THE INDICATIONS FOR BLoop TRANSFUSION 





Regardless of the method used, three general functions are 
definitely fulfilled by transfusion, all of which are somewhat 
interdependent: 







1. Transfusion adds fluid bulk to the b‘’ood stream, and accordingly 
shows a rapid pulse and raises the blood pressure of the patient suffering 
from the shock of hemorrhage. 

2. Transfusion increases the number of circulating red blood cells, 
thus increasing the oxygen-carrying capacity of the blood, improving the 
color of an anemic patient, and relieving him of his air hunger. 

3. Transfusion stimulates hematopoiesis. This results probably not, 
as formerly thought, by direct stimulation of the bone marrow as the 
result of the action of broken down and hemolyzed donor’s red corpuscles, 
but rather by improving the general nutritional condition of the patient 
and thus interrupting a vicious circle, viz., decreased oxygen-carrying 
capacity, leading to decreased nutrition of bone marrow, leading, in turn, 
to decreased red blood corpuscle formation and to anoxemia. 















In case the coagulation time of the recipient is abnormally 
prolonged transfusion tends to decrease it. 

There are no absolute contraindications to blood trans- 
fusion save pulmonary edema; but one should proceed with 
care and only after considerable deliberation in cases in which 
there is grave damage to the myocardium and in cases of 
advanced nephritis. 

In a specific way transfusion has been suggested as a valu- 
able method of treatment in six groups of cases: 

1. In actual hemorrhage 

A. Due to accidental trauma 
1. Street and industrial accidents 
2. Stab and gunshot wounds of civil and military 

life 

B. Connected with certain vascular disasters second- 
ary to local disease 
1. Peptic ulcer (especially gastric) 
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Post partum hemorrhage 
. Ruptured ectopic gestation 
. Typhoid hemorrhage 
Ruptured esophageal varices 
Massive hemoptysis in pulmonary tuberculosis 
c. Secondary to surgical operation 
1. To reestablish the normal blood bulk 
—depleted by bleeding at the time of operation 
—depleted by postoperative hemorrhage 
2. To combat postoperative shock (bleeding of the 
patient into his own blood vessels) 
In certain purpuric conditions 
A. Purpura hemorrhagica 
B. Hemophilia 
c. Icterus 
In certain blood dyscrasias 
A. Pernicious anemia 
B. The leukemias 
In certain infections 
A. Ordinary infections with pyogenic organisms 
B. Endocarditis lenta 
In certain intoxications of a non-bacterial nature 
A. Eclampsia and the toxemia of pregnancy 
B. Uremia 
c. Illuminating gas poisoning 
D. Benzol poisoning 
E. Toxemia connected with extensive superficial burns 
In connection with general debility 
A. Anemia 
B. Cachexia of carcinoma 
In general the groups are arranged in an order correspond- 
Ing to the supposed value of transfusion in the various con- 
ditions enumerated, transfusion being of the most value in 
the first group and of less value in succeeding ones. In arrang- 
ing the sub-groupings, however, no particular attempt has 
been made to correlate numerical order with efficacy, as such 
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an attempt could hardly be successful in the light of present 
knowledge. 

A. TRANSFUSION FOR HEMORRHAGE: Hemorrhage has 
always constituted and still continues to constitute the 
fundamental indication for transfusion. In cases of hemorrhage 
blood transfusion is specific. Provided that a patient is not 
completely moribund no degree of loss of blood is so great 
that the patient cannot be revived by immediate and adequate 
blood transfusion. 

To know when transfusion has become necessary, and 
better still, to know when it has become advisable is sometimes 
a difficult matter. A truism which will bear repetition affirms 
that the time to transfuse a bleeding patient is the first moment 
one considers the advisability of doing so. Patients may die 
in spite of transfusions at the eleventh hour who would have 
rallied very promptly had the procedure been invoked just 
a little earlier. There are undoubtedly exceptions to the rule 
about to be given but it can be taken as pretty generally true 
that patients will not ordinarily survive depression of the 
systolic blood pressure to 80 mm. of mercury, or of the diastolic 
pressure to 40 mm. for longer than an hour. It is true that 
death may not immediately ensue; indeed, the blood pressure 
may subsequently be increased either by blood transfusion 
or otherwise, and the patient may rally temporarily, but the 
improvement is not permanent, and such patients character- 
istically die in a day or two, oftentimes evidencing no particular 
untoward symptoms at the end. It seems probable that in the 
average case sufficient cellular damage is done by such relative 
failure of the circulation as permanently to prevent the 
subsequent reestablishment of biochemical and_physico- 
chemical equilibrium. 

The prophylactic use of blood transfusion in deliberate 
surgery probably deserves much more attention than it has 
previously recerved. It has been amply demonstrated in 
connection both with animal experiments and in connection 
with “donors” for blood transfusions that the amount of 
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blood which can be lost by a healthy individual without 
developing untoward symptoms Is somewhat greater than one 
quarter of the total quantity in the circulation. The normal 
adult human being, accordingly, can lose from 500 to 750 c.c. 
of blood with little or no inconvenience. It would appear that 
more than such amounts of blood are perhaps not infrequently 
lost during the course of certain operative procedures, espe- 
cially those in which diffuse capillary oozing persists during a 
considerable part of the period occupied by prolonged opera- 
tive procedures. Exact measurements of the blood loss accom- 
panying operative procedures are woefully lacking, but 
Gatch and Little,’ using a colorimetric method applied to 
blood recovered by washing the gauze sponges used during the 
course of operations, estimated that 304 c.c. of blood were 
lost during a hysterectomy operation for fibroids, 710 c.c. 
during the radical amputation of a breast, and 816 c.c. during 
the course of a nephrectomy. If amounts of blood such as these 
are commonly lost In connection with operative procedures, 
volumes which are in the vicinity of, if not actually greater 
than, the amount necessary to produce symptoms in healthy 
individuals, it is little wonder that patients already debilitated 
by disease who frequently show marked anemia as a part of 
their debility frequently develop symptoms dependent upon 
blood loss postoperatively. 

A condition of anemia ts particularly likely to be found in 
patients the victims of gynecological diseases in whom men- 
orrhagic and metrorrhagia have been present for relatively 
long periods of time. Patients with carcinoma uteri and those 
with incomplete abortions and ruptured ectopic gestations are 
apt to be markedly anemic. Patients with carcinoma of the 
rectum or of the stomach or duodenum who have suffered 
repeated small hemorrhages or several massive ones belong 
in the same class, and even patients with simple hemorrhoids 
may have become very anemic as the result of the chronic 
oozing of blood from the rectum. 
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Transfusions in the hemorrhagic group of diseases have 
given only fairly good results. In hemophilia and the hemor- 
rhage of the newborn, especially melena neonatorum, transfu- 
sion is almost a specific for the control of the hemorrhage. 
Transfusions do not, however, cure the condition of hemo- 
philia, and frequently several small transfusions are required to 
control hemorrhage. In jaundice, even when due to a blockage 
of the common bile duct of long standing, transfusion will 
almost completely control oozing at the time of operation. 

In the group of blood dyscrasias, transfusion is as good a 
form of treatment as is known in pernicious anemia, although 
the results at best are discouraging. Transfusion seems fre- 
quently to be of value in mitiating a remission of symptoms, 
but there is no evidence that it is of any curative value at all, 
and many have questioned whether its employment is justi- 
fied by the temporary improvement which it may produce. 
In lymphatic leukemia the best results are secured by exsangul- 
nation transfusion in which comparatively large doses of 
blood are given; the good effects are merely temporary. 

In acute sepsis transfusion is useless, but the group of 
chronic infections are often benefited to a surprising degree 
by the administration of blood; this is particularly true in 
cases of recalcitrant residual abscesses, empyema, osteomy- 
elitis, and the like. 

In illumimating gas poisoning exsanguination transfusion 
constitutes the best treatment. This consists in withdrawing 
and discarding from 700 to 1000 c.c. of the patient’s blood 
and transfusing a similar amount. 

B. THE Dancers OF BLoop TRANsFusioNn: The dangers of 
blood transfusion are: 

1. Incompatibility. 

2. Too large a transfusion. 

3. Emboli, air, or blood clot. 

In the blood dyscrasias transfusions of 250 to 359 c.c. 
seem to do about as much good as larger ones. In infants 


Book Page 1900 








632 BLOOD TRANSFUSION 


under six months of age 60 to go c.c. suffice, injected into the 
external jugular vein or the longitudinal sinus. 

In the infant before the closure of the anterior fontanelle, 
blood transfusion is readily accomplished by making use of 
the longitudinal sinus. The superior longitudinal sinus lies 
exactly in the midline at the anterior fontanelle but deviates 
to the right posteriorly. The needle should therefore be intro- 
duced just in front of the posterior angle of the anterior fon- 
tanelle and should be directed backward at an angle of 45° 
with the interparietal suture. The depth is scarcely more 
than 14, in. The needle must be held steady by resting the 


hand against the child’s head. 
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